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ABSTRACT.
A s h o r t  s u r v e y  i s  g i v e n  o f  t h e  known f a c t s  r e g a r d i n g  t h e
r e l a t i o n  b e tw e e n  t h e  c o n s t i t u t i o n  and  t h e  a n t i m a l a r i a l  a c t i v i t y
-, ,
o f  t h e  c h i e f  c i n c h o n a  a l k a l o i d s ,  a n d  i t  i s  c o n c l u d e d  t h a t  f u r t h e r  
i n f o r m a t i o n  on t h i s  m a t t e r  can  be  o b t a i n e d  i n  two w a y s :
( 1 ) .  By i n v e s t i g a t i n g  t h e  d e g r a d a t i o n  p r o d u c t s  and  some o f  t h e  
s i m p l e r  d e r i v a t i v e s  o f  t h e s e  a l k a l o i d s .
( 2 ) .  By p r e p a r i n g  some s y n t h e t i c  s u b s t a n c e s  w h ich  c o n t a i n  c e r t a i n  
c h a r a c t e r i s t i c  f e a t u r e s .
U n d e r  h e a d i n g  ( 2 ) ,  a  l a r g e  number  o f  compounds o f  t h e  g e n e r a l  
f o r m u l a :  .
h a v e  b e e n  s y n t h e s i s e d .  T h e s e  a l l  b e a r ,  a s  t h e  fo im iu la  i n d i c a t e s ,  
m ark e d  p i c t o r i a l  r e s e m b l a n c e  t o  t h e  e s s e n t i a l  c i n c h o n a  s t r u c t u r e .
The a n t i m a l a r i a l  a c t i v i t y  o f  t h e  new s u b s t a n c e s  h a s  b e e n  d e t e r m i n e d ,  
a n d  t h e  c o n c l u s i o n  i s  d raw n  t h a t  a  s e c o n d  b a s i c  c e n t r e  m us t  b e '  
p r e s e n t  f o r  a  m o l e c u l e  o f  t h e  a b o v e  t y p e  t o  p o s s e s s  any m arked  
a n t i m a l a r i a l  a c t i v i t y .
U n d e r  h e a d i n g  ( 2 ) ,  a  num ber  o f  a l k a l o i d  m e t h o c h l o r i d e s  h a v e  been  
p r e p a r e d  by a  new p r o c e s s ,  a n d  c o n s i d e r a b l e  a t t e n t i o n  h a s  b e e n  p a i d  
t o  t h e  a t t e m p t e d  d e c a r b o x y l a t i o n  o f  q u i t e n i n e ,  s i n c e  t h e  d e c a r b o x y -  
l a t e d  p r o d u c t  s h o u l d  e x h i b i t  d e f i n i t e  a n t i m a l a r i a l  a c t i v i t y .
E x p e r i m e n t s  h a v e  a l s o  b e e n  p e r f o r m e d  on t h e  p r e p a r a t i o n  o f  




THE INVESTIGATION OP SOME PIPERIDINOMETHYLCARBINOL 
HYDROCHLORIDES.
D e s p i t e  e x t e n s i v e  i n v e s t i g a t i o n s  on t h e  p a r t  o f  num erous  w o r k e r s ,  j 
t h e r e  s t i l l  r e m a in  two o u t s t a n d i n g  p r o b le m s  in  c i n c h o n a  a l k a l o i d  
c h e m i s t r y :  ( 1 )  w h e t h e r  t h e  s p e c i f i c  p h y s i o l o g i c a l  a c t i o n  i s  d u e  t o  
any g ro u p  o r  g r o u p s ,  c o n s i d e r i n g  t h e s e  f rom  t h e  c h e m i c a l  o r  t h e  
s t e r e o c h e m i c a l  p o i n t  o f  v i e w ;  and  (2 )  w h e t h e r  i t  i s  p o s s i b l e  t o  ob­
t a i n  a  compound h a v i n g  s i m i l a r  o r  even more b e n e f i c i a l  a n t i m a l a r i a l  




Owing t o  t h e  f a c t  t h a t  t h e  e a r l i e r  w o r k e r s  i n  t h e  c i n c h o n a  
a l k a l o i d  s e r i e s  were  c o n c e r n e d  more w i t h  t h e  c o n s t i t u t i o n  t h a n  w i th  
t h e  p h a r m a c o l o g i c a l  a c t i o n  o f  d e g r a d a t i o n  p r o d u c t s ,  i t  may be n e c e s ­
s a r y  t o  p r e p a r e  many o f  t h e s e  p r o d u c t s  a g a i n ,  i n  o r d e r  t o  t e s t  them 
on a  s t r i c t l y  c o m p a r a t i v e  b a s i s .  At t h e  p r e s e n t  moment we a r e  in  
p o s s e s s i o n  o f  a  l i m i t e d  number o f  o b s e r v a t i o n s  a s  t o  t h e  e f f e c t  o f  
m o d i f y i n g  t h e  e s s e n t i a l  c i n c h o n o i d  m o l e c u l e .  T h ese  may be c l a s s i f i e d  
u n d e r  t h e  f o l l o w i n g  h e a d i n g s :
( 1 )  The Q u i n o l i n e  S y s t e m .
I t  i s  known t h a t  c o m p l e t e  r e m o v a l  o f  t h e  m e th o x y l  g r o u p  i n  q u i n i n e  i s  
n o t  a cc o m p a n ie d  by v e r y  s e r i o u s  e f f e c t s  on t h e  p h a r m a c o l o g i c a l  a c t i v i ­
t y ,  w h i l s t  i t s  r e p l a c e m e n t  by some a l k o x y l  g r o u p s  i n c r e a s e s  t h e  l a t t e r .
3.
■S
Such c h a n g e s  may p r o d u c e  t h e i r  e f f e c t  by a l t e r i n g  t h e  b a s i c i t y  o f  
t h e  q u i n o l i n e  n i t r o g e n  a tom . M o re o v e r ,  i t  i s  known t h a t  c u p r e i n e ,  
w h ic h  o n ly  d i f f e r s  f rom q u i n i n e  by a m e t h y l  g ro u p ,  ( i t  h a s  a h y d r o -  
x j t l  i n s t e a d  o f  a m e th o x y l  g ro u p  i n  t h e  q u i n o l i n e  n u c l e u s )  p o s s e s s e s  
l i t t l e  o r  no a n t i m a l a r i a l  a c t i v i t y .
(2 )  The C a r b i n o l  G r o u p i n g .
L i t t l e  a p p e a r s  t o  be  known r e g a r d i n g  t h e  e f f e c t  o f  m o d i f y i n g  t h i s  
g r o u p ,  e . g .  by c o n v e r t i n g  i t  i n t o  -CR(CH), where  R i s  a h y d r o c a r b o n  
r a d i c a l .  But  m o d i f i c a t i o n  o f  t h i s  k in d  m ig h t  be  o f  f u n d a m e n t a l  im­
p o r t a n c e ,  s i n c e  i t  would s t a b i l i s e  t h e  g ro u p  a g a i n s t  o x i d a t i o n .  
Compounds o f  t h e  c i n c h o n i n o n e  t y p e  sh o u ld  be  c o n s i d e r e d  u n d e r  t h i s  
h e a d i n g ,  f o r  t h e  s e c o n d a r y  c a r b i n o l  g rou p  i s  no l o n g e r  p r e s e n t ,  i t s  
p l a c e  b e i n g  t a k e n  by an  u n s a t u r a t e d  t e r t i a r y  g ro u p  o f  t h e  e n o l i c  form 
o f  t h e  k e t o n e ;
-CH(OH).CH: -CO.OH; -G(OH);G:
( 3 )  The V i n y l  S i d e - c h a i n .
S i n c e  t h e  p r e s e n t  work was b e g u n ,  Goodson Henry and  M a c f i e  (E iochem .
J .1 9 3 0 ,  24 ,  3 7 4 . )  have  p u b l i s h e d  d a t a  showing t h a t  t h e  a n t i m a l a r i a l  
a c t i o n  o f  g u i n i n e  i s  i n c r e a s e d  by r e d u c t i o n  o f  t h e  v i n y l  g r o u p ,  w h i l e  
s i m i l a r  r e d u c t i o n  o f  q u i n i d l n e ,  which  d i f f e r s  from q u i n i n e  on ly  a s  
' r e g a r d s  t h e  c o n f i g u r a t i o n  o f  t h e  c a r b o n  a to m s  ( a )  and  ( b ) , ( I ) ,  (Rabe,  
A n n a l e n , 1910,  ^ , 3 9 ;  Her, 1 9 2 2 ,5 5  ( B ) , 5 2 8 .  K ing  and P a lm e r ,  J .  1922, 
2 1 , 2 5 7 7 . )  d o e s  n o t  i n c r e a s e  i t s  a c t i v i t y .  I t  i s  v e r y  d i f f i c u l t  t o  
a c c o u n t  f o r  t h e s e  f a c t s ,  a l t h o u g h  i t  i s  r e a s o n a b l e  t o  c o n n e c t  t h e  
d i s a p p e a r a n c e  o f  a c t i v i t y ,  when q u i n i n e  i s  o x i d i s e d  t o  q u i t e n i n e ,  w i t h  
t h e  d i m i n u t i o n  o f  t h e  b a s i c  c h a r a c t e r  o f  t h e  m o l e s c u l e ,  s i n c e  t h e
4.
e s t e r s  o f  q u i t e n i n e  a r e  p h a r m a c o l o g i c a l l y  a c t i v e .
(4 )  The Q u i n u c l i d i n e  S y s te m .
The e f f e c t  o f  b r e a k i n g  one p a r t i c u l a r  r i n g - l i n k a g e  i n  t h i s  s y s te m  i s  
s e e n  in  t h e  a p p e a r a n c e  o f  t o x i c  p r o p e r t i e s  i n  p a s s i n g  from t h e  c i n ­
c h o n in e  t o  t h e  c i n c h o t o x i n e  t y p e ,  which e f f e c t  i s  p r o b a b l y  due  t o  t h e  
e x p o s u r e  o f  t h e  im ino  g r o u p .  I t  s h o u ld  be  o b s e r v e d  t h a t  when a  c i n ­
ch on a  a l k a l o i d  i s  c o n v e r t e d  i n t o  i t s  m o n o - a c id  s a l t s ,  a  new c e n t r e  o f  
d i s sy m m e t ry  a p p e a r s ,  s i n c e  s a l t  f o r m a t i o n  f i r s t  t a k e s  p l a c e  on t h e  
t e r t i a r y  n i t r o g e n  atom i n  t h e  q u i n u c l i d i n e  sy s te m ;
a b c a b c
' x !  Z '  ' /(
N NH+I X
T h i s  may be a  s i g n i f i c a n t  f a c t o r  i n  c o n n e x i o n  w i t h  t h e  p h a r m a c o l o g i c a l
a c t i o n .
Many a t t e m p t s  h a v e  been  made t o  i m i t a t e  t h e  f u n d a m e n t a l  c i n c h o n o i d  
m o l e c u l e ,  n o t a b l y  by Kaufmann a n d  R abe .  The f o r m e r  a u t h o r  (B e r .1 9 12 ,  
4 5 , 3 0 9 0 ;1 9 1 3 ,  46,  57 ,  2929 ;  D .R - p .  2 6 8 ,9 3 1 * )  a t t r i b u t e d  t h e  a c t i o n  of  
q u i n i n e  t o  t h e  g r o u p :
1 a
-OH(OH)-CH-N^
a n d  showed t h a t  some compounds o f  t h e  t y p e ;
CH(OH).CHp.NRp.
3 0 -  \  N, ^
r e s e m b l e d  q u i n i n e  on t h e  b a s i s  o f  t h e  p h y s i o l o g i c a l  t e s t s  t h e n  
a v a i l a b l e .  The work o f  Rabe ( B e r .1 9 1 7 .  5 0 . 144, e t c . )  was s i m i l a r  
t o  t h a t  o f  Kaufmann, b u t  was d e v e l o p e d  on more com plex  s y n t h e t i c  
l i n e s .  (Compare B e r . 1913 ,  1 3 6 0 ) .
5.
W ith in  r e c e n t  y e a r s ,  a l a r g e  number o f  compounds have  been  
i n v e s t i g a t e d  by d i f f e r e n t  w o r k e r s ,  i n  an a t t e m p t  to o b t a i n  a s a t i s ­
f a c t o r y  a n t i m a l a r i a l  d ru g . ,  The m a j o r i t y  o f  t h e s e  compounds ha ve  been 
e s s e n t i a l l y  s t r u c t u r a l l y  d i f f e r e n t  from t h e  c in c h o n a  a l k a l o i d s .
In  t h e  p r e s e n t  comm unica t ion  a r e  d e s c r i b e d ,  amongst o t h e r  e x p e r i m e n t s ,  
t h e  methods o f  p r e p a r a t i o n  o f  a s e r i e s  o f  compounds o f  t h e  g e n e r a l  
fo r m u la  ( I I )  ( i n  which t h e  d o t t e d  l i n e s  have  no c h e m ic a l  s i g n i f i c a n c e ) ,  
w hich  b e a r  what  may be  c a l l e d  p i c t o r i a l  r e s e m b la n c e  t o  t h e  c in c h o n a  




These  compounds a r e  f o r  t h e  most p a r t  r e a d i l y  p r e p a r e d  by t r e a t i n g  
I - p h e n a c y I p i p e r i d i n e  w i t h  a G r i g n a r d  r e a g e n t ,  a l t h o u g h  i n  a few i n ­
s t a n c e s  ( e . g . ,  when R i s  n - h e x y l ,  n - h e p t y l  o r  cyclohexyü  t h e  s y n t h e s i s  
h a s  f a i l e d  c o m p l e t e l y .  For  p h y s i o l o g i c a l  t e s t s ,  t h e  c a r b i n o l  h y d ro ­
c h l o r i d e s  have  been  p r e p a r e d ,  and t h e  f o l l o w i n g  a r e  d e s c r i b e d  in  t h e  
e x p e r i m e n t a l  s e c t i o n :  P h e n y l - ,  ph e n y Im e th y 1 - ,  p h e n y l e t h y 1 - ,  p h e n y l -
n - p r o p y l - ,  p h e n y 1 - n - b u t y l - ,  d i p h e n y l - ,  p h e n y I b e n z y l - , p h e n y l - J L  
p h e n y l e t h y 1 - ,  pheny1 - ^ - p h e n y I p r o p y 1 - ,  p h e n y 1 - f - p h e n y I b u t y 1 - ,  and  
p h e n y l - x - n a p h t h y l - t » p i p e r l d i n o m e t h y l c a r b i n o l  h y d r o c h l o r i d e s .
None o f  t h e s e  compounds p o s s e s s e s  any a n t i m a l a r i a l  a c t i v i t y ,  a 
f a c t  which s u g g e s t s  t h a t  t h e  e s s e n t i a l  m i s s i n g  f a c t o r  i s  t h e  b a s i c
6 .
q u i n o l i n e  s t r u c t u r e .  The s y n t h e t i c  m ethod,  however ,  a p p e a r s  t o  be 
c a p a b l e  o f  g e n e r a l  a p p l i c a t i o n ,  and i s  b e i n g  used  i n  t h e  s y n t h e s i s  of 
t h e  l e s s  r e a d i l y  a c c e s s i b l e  q u i n o l i n e  a n a l o g u e s  of  p h e n a c y I p i p e r i d i n e • 
A second  s y n t h e t i c  method has  been i n v e s t i g a t e d ,  which i s  a l s o  
a p p a r e n t l y  c a p a b l e  o f  e x t e n s i o n  t o  t h e  s y n t h e s i s  of  c i n c h o n o id  
s u b s t a n c e s .  Fo r  exam ple ,  p h eny l ^ d - p h e n y l e t h y 1 k e to n e  i s  r e a d i l y  
c o n v e r t e d  i n t o  t h e  bromo d e r i v a t i v e ,  which r e a c t s  w i t h  p i p e r i d i n e :
Ph.GO.GHg-CHgrPb Ph.CO.CHBr. GH^-Ph
Ph.GO.GH^-NG Ph.CO.CH(NC H )GH^-Ph I I I .
^ 5 10 5 10 2
t o  g iv e  p h e n y ln ) C - p ip e r id in o - j3 - p h e n y le th y  1 k e to n e  ( I I I ) .  The l a t t e r  
may a l t e r n a t i v e l y  be o b t a i n e d  by t h e  a c t i o n  of  b e n z y l  c h l o r i d e  on t h e  
sodium d e r i v a t i v e  of  p h e n a c y I p i p e r i d i n e . T h i s  method has  been  a p p l i e d
t o  t h e  s y n t h e s i s  of  p i p e r i d i n o - d e o x y b e n z o i n ,  P h . G O .G H .P h .N G _ H _ a
5 10
s u b s t a n c e  p r e v i o u s l y  o b t a i n e d  by Rabe ( B e r . ,1912 ,  4 5 , 2169) ,  by 
t r e a t i n g  so d io d e o x y b e n z o in  w i t h  1 - c h l o r o p i p e r i d i n e .
7.
EXPERIMENTS ON THE BROMINATION OF 2 : 4  DIMETHYL- 
QUINOLINE.
In  view o f  t h e  f a c t  t h a t  Hammlck showed (j*. 1923, 123, 2332) 
t h a t  q u i n a l d i n e  r e a d i l y  underw ent  t r i b r o m i n a t i o n  in  t h e  s i d e - c h a i n ,  
e x p e r i m e n t s  were done on 2 : 4 - d i m e t h y l q u i n o l i n e ,  w i th  a view t o  ob­
t a i n i n g  l e p i d l n e - 2 - c a r b o x y l i c  a c i d  by a p r o c e s s  s i m i l a r  t o  t h a t  used 
by Hammick f o r  t h e  p r e p a r a t i o n  o f  q u i n a l d i n i c  a c i d ,  t h e  o b j e c t  b e in g  
t h e  s u b s e q u e n t  p r e p a r a t i o n  of  l e p i d i n e .  In  o r d e r  t o  d e t e r m i n e  t h e  
sc bp e  o f  b r o m i n a t i o n ,  an a t t e m p t  was f i r s t  made t o  in d u c e  h e x ab rom in -  
a t i o n ,  b u t  t h e  only p r o d u c t  o b t a i n e d  was a  t r ib r o m o  compound. Mono- 
b r o r a i n a t i o n  a l s o  gave  t h e  same t r i b r o m o  compound, b u t  s y s t e m a t i c  
e x p e r i m e n t s  d e s i g n e d  t o  p ro d u ce  t h e  t r i b r o m o  compound i n  s a t i s f a c t o r y  
y i e l d s  l e d  t o  d i s a p p o i n t i n g  r e s u l t s .  The t r i b r o m o  compound,moreover ,  
d i d  n o t  u nd e rg o  t h e  f a c i l e  c o n v e r s i o n  i n t o  a c a r b o x y l i c  a c i d  which  
was t o  be e x p e c te d  by a n a lo g y  w i t h  Hammick 's  l a t e r  work, ( J .  1926, 
13 02 ) ,  and s i n c e  t h e  main o b j e c t  o f  t h e s e  e x p e r im e n t s  was t o  p r o v i d e  
an easy  s y n t h e s i s  o f  l e p i d i n e  c a r b o x y l i c  a c i d ,  t h e  work was abandoned .  
I t  must be p o i n t e d  o u t  t h a t  t h e  c o n s t i t u t i o n  o f  t h e  t r i b r o m o  d e r i v a t i v e  
may be d i f f e r e n t  in  t y p e  from Hammick*s compound, and i t  i s  p o s s i b l e  
t h a t  i t  c o n t a i n s  two b rom ine  a tom s in  t h e  2 -m e th y l  g ro u p ,  and  one 
in  t h e  4 - m e t h y l  g ro u p .
à '  '  "
■  EXPERIMENTS ON QUITENINE.
2
I t  i s  known from th e  work o f  Henry ,  Goodson and  M acf ie  t h a t  
d i m i n u t i o n  o f  t h e  a c i d i t y  o f  q u i t e n i n e  by e s t é r i f i c a t i o n  p a r t i a l l y  
r e s t o r e s  a n t i m a l a r i a l  a c t i v i t y .  F u r t h e r  e v id e n c e  a s  t o  .the r e l a t i o n  ] 
be tween t h e  b a s i c i t y  o f  t h e  m o le c u le  and  i t s  a n t i m a l a r i a l  a c t i o n  
h a s  been  sou gh t  i n  two d i r e c t i o n s .  In  t h e  f i r s t  p l a c e ,  a t t e m p t s  have  
been  made t o  d e c a r b o x y l a t e  q u i t e n i n e ,  b u t  in  s p i t e  of  a l a r g e  v a r i e t y  
o f  e x p e r i m e n t s ,  no s u c c e s s  has  been a c h i e v e d ,  a l t h o u g h  on one 
o c c a s i o n  a sm al l  q u a n t i t y  o f  a b a se  was i s o l a t e d  which gave a s o l i d  
p i c r a t e .
In  t h e  second p l a c e ,  a t t e m p t s  have been  made t o  p r e p a r e  q u i t e n i n e  
amide and i t s  b e n z o a t e .  ' I t  was a l r e a d y  known t h a t  t h i o n y l  c h l o r i d e
r e a c t e d  in  a r a t h e r  complex way w i th  q u i t e n i n e ,  and  i t  was s u r p r i s i n g
t h a t  John ( J .  P r a k t .  Chem. 1930, 128 . 223) should  have r e g a r d e d
t h e  p r o d u c t  he o b t a i n e d  by h e a t i n g  q u i t e n i n e  w i th  a l a r g e  e x c e s s
o f  t h i o n y l  c h l o r i d e ,  a s  t h e  a c i d  c h l o r i d e  of  q u i t e n i n e .  The a n a l y s i s  
he
t h a t  g i v e s  t o  h i s  compound h a s  been found  t o  a g r e e  much more 
s a t i s f a c t o r i l y  w i th  e i t h e r  of  t h e  f o l l o w i n g  compounds:
1. (CH0H)(C0C1) r e q u i r e s  N. 7 .7 ^
2. (CHOl)-(COCl) r e q u i r e s  N. 7.4%
3. (GH0H)-(C0C1)(HC1) r e q u i r e s  N. 7*05^
John  o b t a i n e d  N. 6.92%
I t  i s  obv ious  t h a t  in  t h i s  r e a c t i o n ,  a h y d r o c h l o r i d e  must  be 
formed s i n c e  no h y d r o c h l o r i c  a c i d  i s  g i v e n  o f f .  (Compare t h e  p r e ­
p a r a t i o n  o f  b e n zo y l  q u i t e n i n e :  Bucher ,  M ona tsh .  1393, 1 4 ,5 9 8 ) .
^  PREPARATION OF METHOHALIDES OF SOME CINCHONA ALKALOIDS.
•These  compounds were  p r e p a r e d  f o r  a tw o fo ld  o b j e c t ;  f i r s t l y ,  
i n  o r d e r  t o  p ro d u ce  m e t h o c h l o r i d e s  whose a n t i m a l a r i a l  a c t i v i t y  
c o u ld  be t e s t e d  and compared w i t h  t h o s e  o f  t h e  ab o v e  m e n t io n e d  
s y n t h e t i c  h y d r o c h l o r i d e s ;  and  s e c o n d l y ,  i n  o r d e r  t o  o b t a i n  N- 
m e th y l  c i n c h o t o x i n e ,  i t  was n e c e s s a r y  t o  p r e p a r e  l a r g e  am oun ts  of 
c i n c h o n i n e  m ethobrom ide  by a p r o c e s s  more c o n v e n i e n t  t h a n  t h a t  
g iv e n  in  t h e  l i t e r a t u r e .  I t  h a s  been  fou nd  t h a t  c i n c h o n i n e  and 
t h e  o t h e r  a l k a l o i d s  combine v e r y  r e a d i l y  w i t h  m e t h y l  s u l p h a t e ,  
f rom w h ic h ,  by t h e  a c t i o n  o f  p o t a s s i u m  brom ide  o r  ammonium c h l o r i d e ,  
t h e  c o r r e s p o n d i n g  m e t h o h a l i d e s  can be p r e p a r e d .  The c o n v e r s i o n  
o f  an a l k a l o i d  i n t o  a m e t h o h a l i d e  now t a k e s  a s  many h o u r s  a s  i t  
f o r m e r l y  t o o k  d a y s .
1 0 .
EXPERIMENTAL.
P h e n y l -  X - P i p e r i d i n o - ji - o h e n y le th y  1 k e t o n e .
(1 )  P r e p a r a t i o n  o f  P h e n y l - - p h e n y l e t h y 1 k e t o n e . The m e tho d s  
d e s c r i b e d  i n  t h e  l i t e r a t u r e  f o r  t h e  p r e p a r a t i o n  o f  t h i s  s u b s t a n c e  
a r e  n o t  s a t i s f a c t o r y .  We hav e  found  t h a t  when b e n z o n i t r i l e  i s  added 
t o  two m o l e c u l e s  o f  magnesium |3 - p h e n y l e t h y 1 b ro m id e ,  a l t h o u g h  
o b v io u s  I n t e r a c t i o n  o c c u r s ,  o n ly  a s m a l l  and  v a r i a b l e  y i e l d  o f  t h e  
e x p e c t e d  k e to n e  i s  o b t a i n e d .  The f o l l o w i n g  m ethod ,  how ever ,  was 
found  c o n v e n i e n t ;  ^ - P h e n y l e t h y 1 b rom ide  was o b t a i n e d  i n  91^ y i e l d  
by t h e  i n t e r a c t i o n  o f  ^46 g .  o f  [3- p h e n y l e t h y 1 a l c o h a l  and  115 c , c .  
o f  p h o s p h o r u s  t r i b r o m i d e .  The b rom ide  (3 3 7  g . ) was r e f l u x e d  f o r  
3& h o u r s  w i t h  a m i x t u r e  of  135 g .  o f  p o t a s s i u m  c y a n i d e ,  135 g .  of  
• w a t e r ,  and 340 c . c .  o f  a l c o h a l .  p  - P h e n y I p r o p i o n i t r i l e  was o b t a i n e d  
in  91^ y i e l d  in  t h e  second  s t a g e ,  i . e .  31^ c a l c u l a t e d  on t h e  a l c o h o l  
u s e d .  A G r i g n a r d  r e a g e n t  was p r e p a r e d  from 73 g. o f  b ro m o b e n z e n e , 
and was g r a d u a l l y  t r e a t e d  w i t h  26 g .  o f  ^ - p h e n y l p r o p i o n i t r i l e .
When t h e  v i g o r o u s  r e a c t i o n  had  come t o  an end,  t h e  whole  was h e a t e d  
f o r  2 h o u r  on t h e  w a t e r - b a t h ,  t h e  m i x t u r e  was decomposed i n  t h e  
u s u a l  m anner ,  and  t h e  k e to n e  was p u r i f i e d  by d i s t i l l a t i o n  u n d e r  
r e d u c e d  p r e s s u r e  13 g .  o f  p u r e  pheny 1 - - p h e n y l e t h y  1 k e t o n e ,  b . p .  
196^l3mm.,  were o b t a i n e d .
( 2) P r e p a r a t i o n  o f  p h e n y l -  (\  - b romo- fj> -  p h e n y le th y  1 k e t o n e .
A s o l u t i o n  of  one m ol.  o f  t h e  k e to n e  i n  g l a c i a l  a c e t i c  a c i d  
was t r e a t e d  w i t h  a g l a c i a l  a c e t i c  a c i d  s o l u t i o n  o f  1 .  m ol.  o f  
b r o m id e .  D e c o l o n i s a t i o n  o c c u r r e d  a t  a b o u t  5 0 ° .  The s o l u t i o n
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was p o u r e d  i n t o  w a t e r ,  and t h e  s o l i d  p r o d u c t  was c r y s t a l l i s e d  
from a l c o h o l ,  when t h e  bromo compound (93/«) was o b t a i n e d  a s  
n e e d l e s ,  m .p .  5 0 - 5 1 ^ .  (Found;  B r , 2 7 . 4 ;  OBr r e q u i r e s  B r ,
2 7 . 7 f ) .
(3)  A c t i o n  o f  p i p e r i d i n e  on p h e n y l -  \  - bromo- ^ - p h e n y l e t h y 1 k e t o n e . 
E q u a l  w e i g h t s  o f  t h e  bromo compound and p i p e r i d i n e  were
h e a t e d  t o g e t h e r  i n  b e n z e n e  s o l u t i o n  f o r  & h o u r  a t  100^ .  The c o o l e d  
m i x t u r e  was t h e n  w e l l  shaken  w i t h  a l k a l i ,  and t h e  benzene  l a y e r  
was shaken  w i th  w a t e r  and d r i e d  o v e r  sod ium  s u l p h a t e .  E v a p o r a t i o n  
o f  t h e  s o l v e n t  gave p h e n y 1 - o C - p i p e r i d i n o - y 4 - p h e n y l e t h y l  k e t o n e ,  
which c r y s t a l l i s e d  from a l c o h o l  in  c o l o r l e s s  l e a f l e t s ,  m . p . 7 7 - 7 8 . 5 ° .  
(Found :  N , 5 . 3 ,  C H ON r e q u i r e s  N, 4 . 8 ^ ) .
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(4 )  P r e p a r a t i o n  o f  p h e n a c y I p i p e r i d i n e . Schm idt  and  v an  Ark, 
(A rc h .  Pharm . 1900, 2 3 3 , 3 3 0 . )  o b t a i n e d  t h i s  compound i n  an impure  
c o n d i t i o n ,  b u t  d i d  n o t  c h a r a c t e r i s e  i t .  I t  can  be o b t a i n e d  by 
e i t h e r  o f  t h e  f o l l o w i n g  m e th o d s ;
( a ) .  The method o f  Rabe,  S c h n e i d e r  and B r a a s c h  ( B e r ; 1 9 0 8 , 41 
3 7 4 . )  was m o d i f i e d  a s  f o l l o w s :  A b e n z e n e  s o l u t i o n  o f  one p a r t
o f  p h e n a c y l  b ro m id e  was a d d ed  t o  a s o l u t i o n  o f  one p a r t  of  
p i p e r i d i n e  i n  e t h e r ,  and  t h e  m i x t u r e  was a l l o w e d  t o  s t a n d  f o r  
i  h o u r  a f t e r  c o m p l e t i o n  o f  th e  v i g o r o u s  r e a c t i o n .  I t  was t h e n  
t r e a t e d  w i t h  aqueous a l k a l i ,  and  t h e  benzene  l a y e r  was d r i e d  
o v e r  sodium s u l p h a t e .  A f t e r  r e m o v a l  o f  t h e  s o l v e n t ,  t h e  
r e s i d u e  was vacuum d i s t i l l e d ,  and  g a v e  an  a p p r o x i m a t e l y  60/& 
y i e l d ,  ( b . p .  1 6 8 ^ /2 6  mm.) .
12.
( b ) .  A c o n s i d e r a b l e  s a v i n g  o f  p i p e r i d i n e  was e f f e c t e d  by 
u s i n g  t h e  f o l l o w i n g  p r o c e s s ;  a  s o l u t i o n  o f  3o g .  o f  p h e n a c y l  
b ro m id e  in  400 c . c .  o f  b e n z e n e  was added w i t h i n  30 m i n u t e s  
t o  a w e l l  sh a k en  m i x t u r e  o f  50 g .  o f  p i p e r i d i n e ,  70 g .  of  
a n h y d r o u s  p o t a s s i u m  c a r b o n a t e ,  an d  400 c . c .  o f  b e n z e n e  i n  
zS #  t h e  c o l d .  W ater  was a d d e d ,  and t h e  benzene  l a y e r  was s e p a r ­
a t e d  and e x t r a c t e d  t h r e e  t i m e s  w i t h  w a t e r ,  and  t h e n  t w i c e  
w i t h  20;^ h y d r o c h l o r i c  a c i d .  The s e p a r a t e d  b e n z e n e  l a y e r  
was a g a i n  e x t r a c t e d  w i t h  a  s m a l l e r  q u a n t i t y  o f  a c i d  a n d  t h e  
u n i t e d  a c i d  s o l u t i o n s  were  made a m m oniaca l ,  and  e x t r a c t e d  
w i t h  e t h e r .  The e t h e r e a l  l a y e r  was washed w i t h  a  l i t t l e  
w a t e r ,  was d r i e d  o v e r  sodium s u l p h a t e ,  and was e v a p o r a t e d .  
D i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  of  t h e  r e s i d u e  g a v e  50 g .  
o f  a l m o s t  p u r e  c o l o r l e s s  p h e n a c y I p i p e r i d i n e  o f  c o n s t a n t  b . p .
(5)  P r e p a r a t i o n  o f  P h e n y l - ^ t - p i p e r i d i n o - - p h e n y l e t h y  1 k e t o n e .
P h e n a c y I p i p e r i d i n e  (1 m o l . )  was a d d e d  t o  one a tom o f  powdered  • 
sodium, c o v e r e d  w i t h  100 c . c .  o f  t o l u e n e .  The m i x t u r e  was b o i l e d  
u n t i l  t h e  sodium had  d i s a p p e a r e d ,  and t h e n  1 mol.  o f  b e n z y l  c h l o r i d e  
was a d d e d .  The b o i l i n g  was c o n t i n u e d  f o r  i  h o u r ,  t h e  m i x t u r e  was 
c o o l e d ,  and  e x t r a c t e d  w i t h  w a t e r ,  t h e  t o l u e n e  was s e p a r a t e d ,  d r i e d  
and rem ov ed ,  and  t h e  r e s i d u e  was c r y s t a l l i s e d  from m e t h y l  a l c o h o l .  
The p r o d u c t  had m .p .  3 0 - 3 l ° ,  a m i x t u r e  w i t h  t h e  abo v e  p r o d u c t  
( m . p . 7 7 - 7 9 . 5 ° )  m e l t i n g  a t  7 3 - 7 9 ^ .
P r e p a r a t i o n o f  m-N i t r o p h e n a c y 1 b r o m i d e .
The p r e p a r a t i o n  o f  t h i s  s u b s t a n c e  by t h e  m ethod  of  E vans  and
aB roo k s  ( J .  Amer. Chem. S o c . 1903,  4 0 6 ) ,  was l e s s  s a t i s f a c t o r y
t h a n  t h e  f o l l o w i n g  m o d i f i c a t i o n  o f  t h e  p r o c e s s  d e s c r i b e d  by 
H unn ius  ( B e r .  1377. 10,  2 0 0 3 ) ;  p h e n a c y l  b rom ide  was s lo w ly  added
t o  t e n  p a r t s  of  n i t r i c  a c i d  ( d . 1 . 5 ) ,  k e p t  a t  -1 0 ^  t o  - 5 ^ .  The 
s o l u t i o n  was p o u re d  o n t o  i c e ,  and  t h e  p r e c i p i t a t e  was c o l l e c t e d ,  
d i g e s t e d  w i t h  e t h e r  t o  remove t h e  o - n i t r o  compound, and t h e  
r e s i d u e  was c r y s t a l l i s e d  from a l c o h o l ;  t h e  y i e l d  o f  m - n i t r o p h e n a c y 1 
b r o m id e ,  m .p .  3 0 - 3 1 ° ,  was 70^
A c t io n  o f  p i p e r i d i n e  on m-N i t r o p h e n a c y 1 b r o m i d e .
A l th o u g h  t h e  b ro m id e  c o n d e n se d  r e a d i l y  w i t h  p i p e r i d i n e  u n d e r  
t h e  c o n d i t i o n s  u s e d  f o r  t h e  p r e p a r a t i o n  o f  p h e n a c y I p i p e r i d i n e ,  
( s e c o n d  m e th o d ) ,  t h e  i s o l a t i o n  o f  t h e  p r o d u c t  was n o t  a c c o m p l i s h e d .  
Vacuum d i s t i l l a t i o n  c a u se d  e x p l o s i v e  d e c o m p o s i t i o n .  P u r i f i c a t i o n  
by c r y s t a l l i s a t i o n  g a v e  o i l y  p r o d u c t s ,  and  a l t h o u g h  t h e  p i c r a t e  was 
o b t a i n e d  a s  a h i g h l y  c r y s t a l l i n e  s u b s t a n c e ,  m . p . 1 7 5 - 1 7 6 ° ,  i t s  
s u b s e q u e n t  d e c o m p o s i t i o n  by a l k a l i  gave  amorphous p r o d u c t s .  I n  a 
second  e x p e r i m e n t ,  a - b e n z e n e  s o l u t i o n  o f  m - n i t r o p h e n a c y 1 b rom ide  
(1  m o l . )  was added t o  one o f  p i p e r i d i n e  (2  n o l s . ) .  A f t e r  s e v e r a l  
h o u r s ,  t h e  p r e c i p i t a t e d  h y d ro b ro m id e  was removed by f i l t r a t i o n ,  and 
t h e  f i l t r a t e  e v a p o r a t e d .  When t h e  r e s i d u e  was s t i r r e d  w i t h  d i l u t e  
a c e t i c a a c i d ,  an amorphous s o l i d  was o b t a i n e d  which  c o u ld  n o t  be 
made t o  c r y s t a l l i s e ,  and  had an i n d e f i n i t e  m .p .
P r e p a r a t i o n  of  P i p e r i d i n o - d e o x y b e n z o i n .
C h l o r o - d e o x y b e n z o i n  was p r e p a r e d  by S c h r o e t e r ,  from b e n z o i n  
and  t h y o n y l  c h l o r i d e ,  (B e r . 1909,  42,  2 3 4 8 ) ;  t h e  f o l l o w i n g  m o d i f i ­
c a t i o n  o f  h i s  method was u s e d .  A m i x t u r e  of  e q u a l  w e i g h t s  o f
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b e n z o i n  and t h i o n y l  c h l o r i d e  was warmed u n t i l  a c l e a r  s o l u t i o n  was 
o b t a i n e d .  A f t e r  a d d i n g  much warm w a t e r  and  s t i r r i n g  u n t i l  c o l d ,  
a  s o l i d  p r o d u c t  was o b t a i n e d  w h ich  c r y s t a l l i s e d  f rom  c h l o r o f o r m  on 
a d d in g  l i g h t  p e t r o l e u m  ( b . p .  , 4 0 - 6 0 ° ) .  The c r y s t a l l i n e  m a t e r i a l  
was r e c r y s t a l l i s e d  from m e th y l  a l c o h o l ,  and  them h a d  m .p .  6 6 - 6 7 ° .  
S c h r o e t e r  s t a t e s  t h a t  c h l o r o d e o x y b e n z o i n  b e g i n s  t o  s o f t e n  a t  6 6 ° ,  
and  m e l t s  a t  6 3 . 5 ° ,  w h e re a s  C u r t i u s  and  Lang ( j . P r a k t . Chem. 1891,
I I , 543)  gave  m.p. 6 5 ° .
The c h l o r o  compound was c o v e r e d  w i t h  i t s  own w e ig h t  o f  p i p e r i ­
d i n e ,  and  t h e  m i x t u r e  was s lo w ly  warmed t o  100°, d u r i n g  20 m i n u t e s .
I t  was r e p e a t e d l y  e x t r a c t e d  w i t h  w a t e r ,  and  t h e  gummy r e s i d u e  was 
c r y s t a l l i s e d  from a l c o h o l ,  when n e e d l e s ,  mp. 3 5 - 3 6 ° ,  were o b t a i n e d .  
(Rabe and R i e p e r ,  l o c . c i t . ,  g i v e  m .p .  3 2 ° ) .
P h o s p h o r u s  t r i c h l o r i d e  was found t o  be  a lm o s t  w i t h o u t  a c t i o n  
on b e n z o i n ,  and p h o s p h o r u s  p e n t a c h l o r l d e g a v e  a m i x t u r e  w hich  co u ld  
n o t  b e  p u r i f i e d .
P r e p a r a t i o n  o f  P h e n y l -  0^-p i p e r i d i n o m e t h y 1 c a r b i n o l .
P h e n a c y l  p i p e r i d i n e  was r e d u c e d  a s  d e s c r i b e d  by Rabe,  ( A n n a l e n , 
1909, 3 6 5 , 3 7 7 ) ,  b u t  t h e  p r o d u c t  was worked  up by t h e  f o l l o w i n g ,  
d i f f e r e n t  m ethod :  t h e  a l k a l i n e  a l c o h o l i c  r e d u c t i o n  m i x t u r e  was
t r e a t e d  w i t h  w a t e r ,  and most o f  t h e  a l c o h o l  was d i s t i l l e d  o f f .
The r e s i d u e  was e x t r a c t e d  with" e t h e r ,  t h e  e x t r a c t  was d r i e d  o v e r  • 
sodium s u l p h a t e  and  e v a p o r a t e d ,  and  t h e  r e s i d u e  was d i s t i l l e d  u n d e r  
r e d u c e d  p r e s s u r e .  The b a s e  had  t h e  p r o p e r t i e s  r e c o r d e d  by R ab e .
The h y d r o c h l o r i d e  was p r e p a r e d  by p a s s i n g  dry  h y d r o g e n  c h l o r i d e  th ro u ç  
a l i g h t  p e t r o l e u m  s o l u t i o n  o f  t h e  b a s e ,  and  had  m .p .  1 9 2 - 1 9 4 ° .
X 15.
(Found :  C l ,  1 4 . 5 ,  ONGl r e q u i r e s  C l ,  14 .7 ;2) .
(
Pr e p a r a t i o n  o f  P h e n y I m e t h y l - t p - p i p e r i d i n o m e t h y l  c a r b i n o l  
h y d r o c h l o r i d e .
An e t h e r e a l  s o l u t i o n  o f  p h e n a c y I p i p e r i d i n e  (1  m o l . )  was 
g r a d u a l l y  added  t o  a  G r i g n a r d  r e a g e n t  p r e p a r e d  from 2 m o is ,  o f  
m e th y l  i o d i d e  and  4 a tom s o f  magnesium ( w i t h  i n t e r m e d i a t e  d é c a n t a ­
t i o n  from u n d i s s o l v e d  m ag n e s iu m ) .  A f t e r  t h e  a d d i t i o n  was o v e r ,  
t h e  m i x t u r e  was g e n t l y  b o i l e d  f o r  |  h o u r ,  and t h e n  decom posed  w i t h  
ammonium c h l o r i d e  s o l u t i o n .  The e t h e r e a l  s o l u t i o n  was s e p a r a t e d  
and  e x t r a c t e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  s o l u t i o n ,  and t h e  a c i d  
l a y e r ,  a f t e r  b e i n g  e x t r a c t e d  w i t h  a  l i t t l e  e t h e r ,  was r e n d e r e d  -  
ammoniacàà ,  and e x t r a c t e d  w i t h  l i g h t  p e t r o l e u m  ( b . p .  6 0 - 8 0 ° ) .
T h i s  e x t r a c t  was d r i e d  o v e r  sodium s u l p h a t e  and s a t u r a t e d  w i t h  d ry  
hydrogen- c h l o r i d e ;  when t h e  c a r b i n o l  h y d r o c h l o r i d e  was o b t a i n e d  a s  
a w h i t e  m i c r o c r y e t a l l i n e  pow der ,  which ,  a f t e r  b e i n g  h e a t e d  a t  100° ,  
had  m.p .  1 4 0 - 1 4 1 ° .  (Found ;  N, 5 . 3 ;  C l ,  1 4 , 0 ;  ONGl r e q u i r e s
N, 5 . 5 ;  01 13 .9% ).
Pheny l e t h y  l-(jJ - p i p e r i d i n o m e t h y  I c a r b i n o l  h y d r o c h l o r i d e .
T h i s  s u b s t a n c e  was o b t a i n e d  by t h e  same method a s  t h a t  u se d
f o r  t h e  m e th y l  a n a l o g u e .  The c a r b i n o l  h y d r o c h l o r i d e ,  p r e c i p i t a t e d
by d ry  h y d ro g en  c h l o r i d e  from a l i g h t  p e t r o l u e m  s o l u t i o n  of  t h e
b a s e ,  was c r y s t a l l i s e d  from a m i x t u r e  o f  a l c o h o l  a n d  e t h e r ,  and
d r i e d  a t  1 0 0 ° ;  and was o b t a i n e d  a s  a m i c r o c r y s t a l l i n e  powder ,
s o f t e n i n g  a t  163° ,  and  m e l t i n g  a t  1 7 1 - 1 7 3 ° .  (Found :  M, 5 . 6 ;  C l ,
1 3 . 5 ;  C ,^  H ONCl r e q u i r e s  N, 5 . 2 ;  C l ,  13 ,2% ).
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- Ptieny l - n - p ro p y  1-iD - p l p e r l d i n o a e  th y  I c a r b i n o l  H y d r o c h l o r i d e  .
I n t e r a c t i o n  o f  p h e n a c y I p i p e r i d i n e  a n d  magnesium p r o p y l
b r o m id e  (2  m o i s . )  was v e r y  v i g o r o u s .  The c a r b i n o l  h y d r o c h l o r i d e
was o b t a i n e d  by t h e  m ethod  d e s c r i b e d  u n d e r  t h e  p r e c e d i n g  compounds ,
and  a f t e r  b e i n g  d r i e d  a t  1 0 0 ° ,  was o b t a i n e d  a s  a  m l c r o c r y s t a l l l n e
p ow der ,  m . p . 1 3 5 - 1 3 7 ^ ,  ( F o u n d :  0 1 , 1 3 . 0 ;  G  ^ H CNCl r e q u i r e s
Ic 26
0 1 ,  1 2 . 5 ^ ) .
P h e n y 1 - n - b u t y l - W - p i p e r i d i n o m e t h y I c a r b i n o l  H y d r o c h l o r i d e .
When p h e n a c y I p i p e r i d i n e  was added  t o  2 m o is ,  o f  e t h e r e a l  
magnesium b u t y l  b r o m id e ,  a  s o l i d  fo rm ed on t h e  s u r f a c e ,  b u t  l a t e r  
r e d l s s o l v e d .  The h y d r o c h l o r i d e  p r e c i p i t a t e d  from l i g h t  p e t r o l e u m  
was c r y s t a l l i s e d  from a m i x t u r e  o f  a l c o h o l  and e t h e r ,  and  d r i e d  a t  
100^ .  I t  was a  m l c r o c r y s t a l l l n e  po w d er ,  m . p . 1 6 6 - 1 6 9 ^ ,  ( F o u n d ;  
0 1 , 1 2 . 0 ;  ONCl r e q u i r e s  01 ,  1 1 . 9 ^ ) .
A c t i o n  o f  Magnesium n - H e x y l  I o d i d e  on Ph e n a c y I p i p e r i d i n e .
The p r e p a r a t i o n  o f  t h i s  s u b s t a n c e  was p e r f o r m e d  In  t h e  same way
a s  t h e  o t h e r  G r i g n a r d  r e a c t i o n s ,  u s i n g  2 m ois ,  o f  n - h e x y l  I o d i d e ,  1
m ol .  o f  p h e n a c y I p i p e r i d i n e  and  4 a to m s  o f  m agnes ium .  On a d d i n g  t h e
p h e n a c y I p i p e r i d i n e ,  a  p a r t  o f  t h e  p r e c i p i t a t e  f o rm e d  r e d l s s o l v e d .  ■
The h y d r o c h l o r i d e  o f  t h e  b a s e  c o u l d . o n l y  be o b t a i n e d  by p a s s i n g  d ry
( 30-1001
h y d r o g e n  c h l o r i d e  I n t o  a  p e t r o l e u m  e t h e r  s o l u t i o n  o f  t h e  b a s e .  ' 
m .p .  o f  t h e  h y d r o c h l o r i d e ,  2 1 3 - 2 1 9 ° .  
mixed m .p .  o f  t h e  h y d r o c h l o r i d e  w i t h  t h e  h y d r o c h l o r i d e  o f  t h e  
h e p t y l  compound, 2 1 5 - 2 2 0 ° .
A n a l y s i s  o f  t h e  h y d r o c h l o r i d e .
17.
S u b s t a n c e ,  0 .4 3 0 0  g .  AgCl,  0 . 2 5 5 0  g .
whence 01, 14.7^
C H ON.HGl r e q u i r e s  C l ,  1 0 .9 ^
19 31
PhenacyIp ip e r id in e  hydrochloride G H ONCl requ ires  Cl, 14.8#^
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Action of Magnesium n-Hepty1 IodIde on PhenacyIp iper id ine .
The d e t a i l s  o f  t h i s  e x p e r i m e n t  a r e  e x a c t l y  t h e  same a s  f o r  t h e  
n - h e x y l  compound. The  h y d r o c h l o r i d e  h a d  m .p .  2 1 6 - 2 2 0 ° ,  an d  m ixed 
m .p .  w i t h  t h e  h y d r o c h l o r i d e  o f  t h e  n - h e x y l  compound was 2 1 5 - 2 2 0 ^ .
Action of  Magnesium Qyclohexy1 Iodide on PhenacyIp iper id ine .
( 1)
P r e p a r a t i o n  o f  c y c l o h e x y l  b r o m i d e .
100 G. o f  Boake R o b e r t s  c y c l o h e x a n o l  were  h e a t e d  u n d e r  r e f l u x  
o v e r  a  gAKze f o r  1& h o u r s  w i t h  700 c . c l  o f  h y d r o b r o m lc  a c i d  ( d .  1 . 4 9 ) .  
S e p a r a t i o n  o f  an  o i l  o c c u r r e d  w i t h i n  10 m i n u t e s .  The p r o d u c t  was 
c o o l e d ,  t h e  t o p  l a y e r  o f  c y c l o h e x y l  b r o m id e  was s e p a r a t e d ,  w ashed  
w i t h  w a t e r ,  and  d r i e d  o v e r  oaA c a l c i u m  c h l o r i d e .
Y i e l d ,  114 g .  {70%  y i e l d ) .
B . p . ,  1 6 2 - 1 6 6 3 .
13
The e x p e r i m e n t  was c o n d u c t e d  a s  u s u a l ,  u s i n g :
( 1 m o l . ) ,  15 S* o f  p h e n a c y l p i p e r i d i n e
(4  a t o m s ) ,  3 g .  o f  magnesium
(2  m i l s  ) ,  25 g .  o f  c y c l o h e x y l  b r o m id e .
The h y d r o c h l o r i d e  was p r e p a r e d  by t h e  d ry  m e th o d ,  (H 01 g a s  i n  
p e t r o l u e m  e t h e r  s o l u t i o n )  and  14 g .  o f  p r o d u c t  w ere  o b t a i n e d ,  a f t e r  
d r y i n g  a t  1 0 0 ° .  (5 3 ^  o f  t h e  t h e o r e t i c a l  y i e l d ) .
A n a l y s i s .
S u b s t a n c e ,  0 . 4 3 0 4  g .  -  AgCl , 0 : 2 3 8 6  g .  
whence 01 , 13*7^ '
^19 ^ 2 4  ONCl r e q u i r e s  01 , 1 1 .2 #
B1
The e x p e r i m e n t  was r e p e a t e d ,  u s i n g :
(1  m o l . )  11 g .  o f  p h e n a c y I p i p e r i d i n e  
(10  a to m s )  13 6* of  magnesium
(5 m o i s . )  45 g .  o f  c y c l o h e x y l  b r o m id e  . "
A f t e r  d r y i n g  t h e  h y d r o c h l o r i d e  a t  1 00 ° ,  t h e  y i e l d  was 9 . 5  g .  
A n a l y s i s .
S u b s t a n c e ,  0 .4 3 2 6  g .  AgXl , 0 . 2 2 1 4  g .
whence 01 , 1 2 .7 # .
C.
The e x p e r i m e n t  was a g â i n  r e p e a t e d ,  u s i n g :
(1  m o l . )  10 .5*  g .  o f  p h e n a c y l p i p e r i d i n e
(20 a tom s}  25 6« o f  magnesium .
(10  m o i s . )  3 1 . 5  g .  of  c y c l o h e x y l  b ro m id e
The p r e c i p i t a t e  w hich  fo rm ed  on a d d i n g  p h e n a c y l p i p e r i d i n e  t o  
t h e  G r i g n a r d  r e a g e n t  r e d i s s o l v e d .  The whole  p r o d u c t  was p r e c i p i ­
t a t e d  w i t h  h y d r o c h l o r i c  a c i d ,  and  was c r y s t a l l i s e d  from a l c o h o l ,
i n  o r d e r  t o  g e t  n o t  more t h a n  two g .  o f  t h e  p r o d u c t .
o
The m..p. was fo u n d  t o  be  2 1 7 -2 2 0  .
A n a l y s i s . \
S u b s t a n c e ,  0 . 4 3 2 0  g .  AgCl, 0 . 2 4 9 6  g
whence 01 , 1 4 .3 #
20.
D i p h e n y l - ^ p i p e r I d i n o m e t h y I c a r b i n o l  H y d r o c h l o r i d e .
A f t e r  a d d i t i o n  o f  t h e  p h e n a c y I p i p e r i d i n e  t o  t h e  m agnesium  
p h e n y l  b r o m id e  s o l u t i o n  (2  m o i s . ) ,  t h e  m i x t u r e  was h e a t e d  f o r  
some t i m e ,  c o o l e d ,  a n d  deco m po sed  w i t h  ammonium c h l o r i d e  s o l u t i o n .
The e t h e r e a l  l a y e r  was e x t r a c t e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  and  
t h e  a c i d  l a y e r  was once  e x t r a c t e d  w i t h  e t h e r .  The a c i d  s o l u t i o n  
was b o i l e d  t o  remove e t h e r ,  a n d  k e p t ;  t h e  c a r b i n o l  h y d r o c h l o r i d e  
t h e n  s e p a r a t e d  i n  l o n g ,  c o l o r l e s s  n e e d l e s ,  w h ich ,  a f t e r  b e i n g  d r i e d  
a t  1 0 0° ,  m e l t e d  a t  2 1 4 - 2 1 3 ° .  (P o u n d :  N, 4 . 5 ;  C l ,  1 1 . 9 ;  C H 
ONCl r e q u i r e s  N, 4 . 5 ;  C l  , 1 1 .2 ;? ) .
P h e n y I b e n z y l - d ) - p i p e r i d i n o m e t h y I c a r b i n o l  H y d r o c h l o r i d e .
On a d d i t i o n  o f  p h e n a c y l p i p e r i d i n e  t o  t h e  magnesium b e n z y l  
c h l o r i d e  s o l u t i o n  (2  m o i s . ) ,  a  w h i t e  p r e c i p i t a t e  was f i r s t  fo rm e d ,
and  l a t e r  r e d i s s o l v e d .  The m i x t u r e  was g e n t l y  b o i l e d  f o r  4 h o u r ,  
c o o l e d ,  a n d  t h e n  decom posed  w i t h  ammonium c h l o r i d e  s o l u t i o n .  The 
a q u e o u s  l a y e r  was e x t r a c t e d  w i t h  e t h e r ,  and  t h e  com bined  e t h e r e a l  
s o l u t i o n s  w ere  sh a k e n  w i t h  a  m i x t u r e  o f  e q u a l  v o lu m e s  o f  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  and w a t e r ,  when . t h e  c a r b i n o l  h y d r o c h l o r i d e  s e p a r ­
a t e d  a s  a  c r y s t a l l i n e  p r e c i p i t a t e .  The s u s p e n s i o n  was f i l t e r e d ,  t h e  
s o l i d  was washed w i t h  e t h e r ,  a n d  was c r y s t a l l i s e d  f rom  a l c o h o l .  
S p e a r - s h a p e d  n e e d l e s  were  o b t a i n e d ,  m .p .  2 3 3 -2 4 4 0 .  T hese  w e re  
s p a r i n g l y  s o l u b l e  i n  d i l u t e  h y d r o c h l o r i c  a c i d  o f  c o l d  a l c o h o l ,  were  
v e r y  s o l u b l e  i n  warm a l c o h o l .  (F o u nd :  0 1 ,  1 0 . 7 ;  0 ^ H ONCl r e q u i -
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e e  01 , 1 0 .7 )^
21.
P h e n y l -  3 - p h e n y l e t h y 1-  u^-p l p e r i d I n o m e t h y I c a r b i n o l  H y d r o c h l o r i d e .
The m i x t u r e  r e s u l t i n g  from t h e  i n t e r a c t i o n  o f  p h e n a c y l ­
p i p e r i d i n e  and 2 m o le ,  of  m agnesium ^ - p h e n y l e t h y 1 b ro m id e  was 
decom posed  w i t h  ammonium c h l o r i d e  s o l u t i o n ,  and  t h e  e t h e r e a l  l a y e r  
was s h a k e n  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  m ixed  w i t h  an  e q u a l
vo lum e o f  w a t e r .  The c a r b i n o l  h y d r o c h l o r i d e  w h ich  s e p a r a t e d  was
o
w ashed  w i t h  w a t e r  and  e t h e r ,  and  d r i e d  a t  100 . The com bined  
m o t h e r - l i q u o r s  were  s e p a r a t e d  f rom  t h e  e t h e r  l a y e r ,  e x t r a c t e d  w i t h  
l i g h t  p e t r o l e u m ,  t h e  e x t r a c t  was d r i e d  o v e r  sodium s u l p h a t e ,  and 
s a t u r a t e d  w i t h  h y d r o g e n  c h l o r i d e .  The p r e c i p i t a t e d  c a r b i n o l  h y d r o ­
c h l o r i d e  was c r y s t a l l i s e d  f rom  a l i t t l e  a l c o h o l  by a d d i t i o n  o f
o
e t h e r .  The combined y i e l d s  o f  t h e  h y d r o c h l o r i d e ,  m .p .  2 1 1 -2 1 6  , 
was 6 5 # .  (F o u n d :  N, 4 . 0 ;  01 , 1 0 . 2 ;  H ONCl r e q u i r e s  N,
A .0 5 :  C l  , 1 0 . 3 ^ ) -
Pheny l -'V -  pheny I p r o p y  1-  . ■>p i p e r l d l n o a i e  t h y  I c a r b i n o l  H y d r o c h l o r  I d e .
The p r o d u c t  r e s u l t i n g  f rom  t h e  i n t e r a c t i o n  o f  p h e n a c y l p i p e r i d i n eI
a n d  2 m o le ,  o f  igagnesium 'Tf-pheny I p r o p y  1 b ro m id e  was t r e a t e d  a s  u s u a l ,  
t h e  h y d r o c h l o r i d e  s e p a r a t i n g  when t h e  e t h e r e a l  s o l u t i o n  was sh a k e n  
w i t h  20# h y d r o c h l o r i c  a c i d .  I t  was w ashed  w i t h  e t h e r  and  d r i e d
a t  1 0 0 ° ,  and  had  m .p .  2 0 9 - 2 1 0 ° .  (F o u n d :  01 , 9 . 3 ;  ONCl
r e q u i r e s  01 ,  9 . 9 # ) .
P h e n y l -  - p h e n y I b u t y 1- CJ-p i p e r i d i n o m e t h y l c a r b i n o l  H y d r o c h l o r i d e .
The p r e p a r a t i o n  from p h e n a c y l p i p e r i d i n e  a n d  m agnesium  S^-phenyl-  
b u t y l  b ro m id e  (2  m o i s . )  was c a r r i e d  o u t  by t h e  m ethod  u s e d  f o r  t h e  
^ - p h e n y l e t h y l  d e r i v a t i v e .  The h y d r o c h l o r i d e  c r y s t a l l i s e d  f rom  .
22.
a l c o h o l ,  c o n t a i n i n g  d i l u t e  h y d r o c h l o r i c  a c i d ,  i n  c o l o r l e s s  n e e d l e s ,
o o
w hich ,  a f t e r  b e i n g  d r i e d  a t  100 , had  m. p .  173-174  . The h y d r o c h l o r
i d e  i s  v e r y  s o l u b l e  i n  warm a l c o h o l ,  a n d  a lm o s t  i n s o l u b l e  i n  c o l d
d i l u t e  h y d r o c h l o r i c  a c i d .  (Found  C l  , 9 . 5  ; G)KG1 r e q u i r e s
C l  , 9 . 5 # ) .
P h e n y l -^l  - n a p b t h y l -  iA)-p i p e r i d i n Q m © t h . y l c a r b i n o l .
F h e n a c y l o i p e r i d i n e  and  m a g n e s iu m C ^ -n a p h th y l  b ro m id e  r e a c t e d  
n o r m a l l y .  The m i x t u r e  was h e a t e d  f o r  1 h o u r  in  warm w a t e r ,  c o o l e d ,  
and  decom posed  w i t h  ammonium c h l o r i d e  s o l u t i o n .  The e t h e r e a l  l a y e r  
was sh a k e n  w i th  i t s  own b u lk  o f  20% h y d r o c h l o r i c  a c i d ,  an d  a g a i n  w i t h  
a s m a l l e r  amount o f  d i l u t e  a c i d .  The combined a c i d  e x t r a c t s  were  • 
w e l l  sh a k en  w i th  e t h e r ,  t h e  e t h e r  was s e p a r a t e d ,  and t h e  a c i d  
s o l u t i o n  was warmed u n t i l  f r e e  f rom e t h e r .  A d d i t i o n  o f  d i l u t e  
ammonium h y d r o x i d e  p r o d u c e d  a gum, w h ich  a f t e r  much d i g e s t i o n  w i t h  
h o t  w a t e r  became s o l i d ,  and was t h e n  c r y s t a l l i s e d  from a l c o h o l .
The c r y s t a l l i n e  p r o d u c t  was r e c r y s t a l l i s e d  from l i g h t  p e t r o l e u m  
( b . p .  SO -10 0 ^) .  Prom b o t h  s o l v e n t s  t h e  c a r b i n o l  s e p a r a t e d  i n  
s p a r k l i n g  n o d u l e s ,  m .p .  1 1 4 - 1 1 5 ° .  ( # o u n d :  N, 4 . 2 ;  C H ONCl
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r e q u i r e s  N, 4 . 2 ^ ) .
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EXPERIMENTS ON THE BROMINATION Of 2;4-DîMETHÏL QUINOLINE.
A t t e m p te d  H e x a b r o m i n a t i o n  o f  2 ; 4 - D lm e tb y l  Q u i n o l i n e .
32 c . c .  o f  b r o m in e  were  ad ded  t o  a  s o l u t i o n  o f  16 g .  o f  2 : 4  
d i m e t h y l  q u i n o l i n e  a n d  100 g .  o f  a n h y d r o u s  sodium a c e t a t e  i n  g l a c i a l  
a c e t i c  a c i d .  The m i x t u r e  was warmed u n t i l  no f u r t h e r  ch an g e  o c c u r r e d ,  
and  was t h e n  p o u re d  i n t o  w a t e r ;  t h e  p r o d u c t  was c r y s t a l l i s e d  from
l i g h t  p e t r o l e u m ,  ( b . p .  9 0 -10 0  ) .  I t  m e l t e d  w i th  d e c o m p o s i t i o n  a t
125° .
A n a l y s i s .
S u b s t a n c e ,  0 . 1 1 7 7 ;  AgBr, 0 .1 7 2 2
whence 3 r  , 61 .7% .
T r i b r o m i n a t l o n  r e q u i r e s  B r ,  60.9%.
D i b r o m i n a t i o n  r e q u i r e s  B r ,  50.9%.
T e t r a b r o m i n a t i o n  r e q u i r e s  B r ,  67 .9% .
A t t e m p t e d  o o n o b r o m i n a t i o n  o f  2 : 4 - d l m e t h y l  q u i n o l i n e *
T h i s  e x p e r i m e n t  was done s i m i l a r l y ,  and  th e  p r o d u c t  was i d e n t i c a l  
w i t h  t h a t  a b o v e .
a n a l y s i s .
S u b s t a n c e ,  0 . 1 7 7 3 ;  AgBr,  0 . 2 5 1 5 ;
whence B r ,  60.4%.
An a t t e m p t  was made t o  h y d r o l y s e  t h e  t r i b r o m o  compound, u s i n g  
b o i l i n g  a l k a l i ,  o r  b o i l i n g  d i l u t e  s u l p h u r i c  a c i d  o r  s i l v e r  o x i d e .
No s u c c e s s  was a c h i e v e d  in  any o f  t h e s e  e x p e r i m e n t s .
,.:'i:'a
: ATTEMPTED DECARBOXYLATION OF QüIîENINS.
( 1 ) .  U s in g  Copper  B r o n z e .
One g. o f  q u i t e n i n e  was g round  up. w i t h  30 g . o f  c o p p e r -
o
b r o n z e ,  and  t h e  m i x t u r e  was h e a t e d  in  a m e ta l  b a t h  a t  200-210
f o r  1 h o u r .  The powdery mass was th e n  ground  up w i t h  sodium
c a r b o n a t e  s o l u t i o n ,  and  e x t r a c t e d  w i th  e t h e r .  The e t h e r  e x t r a c t
was washed w i t h  w a t e r ,  and  e v a p o r a t e d  t o  d r y n e s s .  T h ere  was no
r e s i d u e .  .
T h i s  e x p e r im e n t  was r e p e a t e d ,  u s i n g  1 g. of  q u i t e n i n e  and  20
o
g .  o f  c o p p e r - b r o n z e ,  t h e  m i x t u r e  b e in g  h e a t e d  t o  290-300  f o r  40 
m i n u t e s .  D u r in g  t h e  f i r s t  10 m i n u t e s ,  s team came o f f  from t h e  
m i x t u r e ,  and  t h e n  f o r  30 m in u t e s  t h e r e  was no change  a t  a l l .  The
m i x t u r e  was worked up a s  b e f o r e .  Again t h e r e  was no r e s i d u e  from
t h e  e t h e r  e x t r a c t .
( I I ) .  U s in g  Soda- l i m e .
One g .  o f  q u i t e n i n e  was ground  up w i t h  20 g .  o f  s o d a - l i m e ,  and  
t h e  m i x t u r e  was h e a t e d  f o r  l i  h o u r s  a t  210-240^ ,  i n  a m e t a l - b a t h .
A sm a l l  q u a n t i t y  of  r e s i d u e  was o b t a i n e d  a f t e r  t h e  m i x t u r e  had  been  
r e f l u x e d  w i t h  a c e t o n e ,  and  t h e  f i l t e r e d  a c e to n e  had  been  e v a p o r a t e d  
t o  d r y n e s s .  The s o l i d  r e s i d u e  was i n s o l u b l e  in  a l k a l i  o r  i n  w a t e r ,  
showing t h a t  i s  was n o t  unchanged  q u i t e n i n e .
The e x p e r i m e n t  was r e p e a t e d  u s i n g  3 £• of  q u i t e n i n e  and  40 g .  
o f  s o d a - l i m e .  The s o d a - l i m e  and q u i t e n i n e  had p r e v i o u s l y  been  d r i e d
. . .  33.
s e p a r a t e l y .  The m i x t u r e  was h e a t e d  i n  a  m e t a l - b a t h  a t  2 2 0 - 2 3 0 ^ ,  
f o r  l |  h o u r s .  The same r e s u l t  a s  b e f o r e  was o b t a i n e d .
( I I I ) .  Us i n g  B ar ium  H y d r o x i d e .
20 g .  o f  b a r iu m  h y d r o x i d e  and  2 g .  o f  q u i t e n i n e  were g ro u n d  
t o g e t h e r  and  h e a t e d  i n  a  m e t a l - b a t h ;  a t  240°  d e c o m p o s i t i o n  b e g a n .  
The p r o d u c t  became b l a c k ,  and  p u n g e n t  fum es  mixed w i t h  s team  were  
e v o l v e d .  The h e a t i n g  was o n l y  c o n t i n u e d  f o r  h o u r  a t  t h i s  
t e m p e r a t u r e ,  and t h e  m i x t u r e  was e x t r a c t e d  w i t h  e t h e r ,  w ash ed  w i t h  
a l k a l i  and  t h e n  w i t h  w a t e r ,  a n d  e v a p o r a t e d .  Some r e s i d u e  was
o b t a i n e d ,  w hich  g a v e  a c r y s t a l l i n e  g o l d  s a l t  w i th  g o l d  c h l o r i d e .
The e x p e r i m e n t  was r e p e a t e d  u s i n g  5 g .  o f  q u i t e n i n e  and 70 g .  
o f  b a r iu m  h y d r o x i d e .  The m i x t u r e  was h e a t e d  i n  a m e t a l - b a t h  f o r
& h o u r  a t  f’4o^ ,  g r o u n d  up w i t h  w a t e r ,  s h a k e n  w i t h  c h l o r o f o r m ,
f i l t e r e d ,  sh a k e n  a g a i n ,  s e p a r a t e d ,  washed  w i t h  w a t e r ,  s e p a r a t e d  
f rom  t h e  w a t e r ,  and  t h e  c h l o r o f o r m  was e v a p o r a t e d  t o  d r y n e s s .  A 
s m a l l  y i e l d  o f  am orphous  s o l i d  m a t t e r  was o b t a i n e d .
A m o d i f i c a t i o n  f « o f  t h e  a b o v e  e x p e r i m e n t  was made by f i r s t  
f u s i n g  3 g .  o f  q u i t e n i n e  w i t h  40 g .  o f  b a r iu m  h y d r o x i d e ,  a n d  t h e n  
p o w d e r in g  t h e  s o l i d  m a s s ;  w h ic h  was h e a t e d  a t  2 0 0 -2 4 0 ^ ,  f o r  J  h o u r ,  
g ro u n d  w i t h  w a t e r ,  e x t r a c t e d  w i t h  t o l u e n e ,  t h e  t o l u e n e  w ashed  t w i c e  
w i t h  w a t e r  and o n c e  w i t h  d i s t i l l e d  w a t e r ,  and t h e n  w i t h  d i l u t e  
s u l p h u r i c  a c i d .  The a c i d  l a y e r  was s e p a r a t e d  and b a s i f i e d  w i t h  
ammonia.  A n e g l i g i b l e  p r e c i p i t a t e  was o b t a i n e d .
2 6 .
( IV ) ,  A t tem p ted  d e c a r o o x y i a t l o n  of qu i t e n i n e  th r o u g h  t h e  L i th iu m  
s a l t .
3 .4  g l  o f  q u i t e n i n e  were added t o  a s o l u t i o n  o f  1 .5  g .  o f  
l i t h i u m  h y d r o x id e  i n  50 c . c .  o f  b o i l i n g  w a t e r .  The m ix tu r e  was 
e v a p o r a t e d  t o  d r y n e s s ,  and when d r y ,  h e a t e d  i n  a m e t a l - b a t h  a t  
200° .  On working  up w i th  e t h e r ,  no r e s i d u e  was o b t a i n e d .
(V).  A t t e m p te d  d e c a r b o x y l a t i o n  o f  q u i t e n ine  by d ry  vacuum h e a t i n g .
5 g .  o f  d ry  q u i t e n i n e  were p l a c e d  in  a r o u n d -b o t to m e d  f l a s k  
which was a t t a c h e d  t o  a vacuum pump. The f l a s k  was h e a t e d  in  a 
m e t a l - b a t h .  No change  in  t h e  q u i t e n i n e  was o b se rv e d  u n t i l  t h e  
m .p .  was r e a c h e d  (2 7 5 °  a p p r o x i m a t e l y ) .  At t h i s  t e m p e r a t u r e  t h e  . 
q u i t e n i n e  began  t o  decompose r a p i d l y .  I t  became a b l a c k ,  t a r r y  
macs,  and e f f e r v e s c e d  v i g o r o u s l y .  (GO^ coming o f f ? ) .  A f t e r  t h e  
e f f e r v e s c e n c e  was o v e r ,  t h e  b l a c k  t a r  was e x t r a c t e d  w i t h  b e n ze n e ,  
and t h e  ben zen e  was washed w i t h  a l k a l i -  The r e m a in in g  t a r  which 
d i d  n o t  d i s s o l v e  in  benzene  was e x t r a c t e d  in  a S o x h l e t  a p p a r a t u s  w i th  
a c e t o n e ,  t h e  whole a p p a r a t u s  b e in g  wrapped in  a t h i c k  l a y e r  of  
c o t t o n  wool t o  keep  t h e  t e m p e r a t u r e  of  e x t r a c t i o n  a s  h ig h  a s  
p o s s i b l e .  The a c e t o n e  was e v a p o r a t e d  o f f .  The r e m a in i n g  t a r  was ■ 
f i n a l l y  e x t r a c t e d  w i t h  e t h e r ,  t h e  e t h e r  was e x t r a c t e d  w i th  p o t a s ­
sium c a r b o n a t e  s o l u t i o n  and washed w i t h  w a t e r .  The t h r e e  r e s i d u e s ,  
o b t a i n e d  from t h e  b e n z e n e ,  a c e t o n e  and e t h e r  e x t r a c t i o n s ,  were d i s s o l ­
ved  in  a b s o l u t e  a l c o h o l ,  and a s a t u r a t e d  s o l u t i o n  o f  p i c r i c  a c i d  
i n  a l c o h o l  was a d d e d .  The p i c r a t e  formed was a y e l l o w  s o l i d ,  and
27.
had m.p. o f  225-226°  w i th  p r e v i o u s  s o f t e n i n g ,  and d a r k e n i n g .
0 .1 1 6 7  g .  o f  th e  p i c r a t e  were weighed o u t  and d i s s b l v e d  in  20 c . c .
o f  p u re  a c e t o n e .  The s o l u t i o n  was a d e ep  red  c o l o r  and opaque
t o  l i g h t ,  so i t  v/as d i l u t e d  t o  ^ of  t h e  o r i g i n a l  c o n c e n t r a t i o n ,  and
p u t  in  a d e c i m e t r e  t u b e .
Zero  of  t u b e ,  0 .  17
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The b a s e ,  b o th  when t h e  s o l u t i o n s  were e v a p o r a t e d  t o  d r y n e s s  and 
a f t e r  b a s i f i c a t i o n  o f  th e  p i c r a t e ,  had a c h a r a c t e r i s t i c  sw ee t ,  
s c e n t - l i k e  s m e l l .
A m o d i f i c a t i o n  o f  t h e  above  e x p e r im e n t  was c o n d u c te d  i n  t h e
f o l l o w i n g  manner:  5 g .  o f  q u i t e n i n e  a t  a t ime were h e a t e d  by th e
:.H
r e d u c e d  p r e s s u r e  method ( a s  a b o v e ) ,  u n t i l  a l l  e f f e r v e s c e n c e  had 
s to p p e d ,  and when 20 g .  had been  t r e a t e d  in  t h i s  manner, t h e  whole 
t a r r y  m a t t e r  was s o x h l e t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t e d  n o t h in g ,  
so benzene  was u s e d .  On e x am in ing  t h e  benzene s o l u t i o n  p o l a r i m e t r i -  
c a l l y ,  a r o t a t i o n  was o b t a i n e d .  (The benzene  had been p r e v i o u s l y  
washed w i t h  a l k a l i  and  th e n  w i t h  w a t e r ,  t o  remove unchanged q u i t ­
e n i n e , )  The b a se  was th e n  o b t a i n e d  f r e e  from b enzene  by e v a p o r a t i o n  
on a w a t e r - b a t h ,  and was d i s s o l v e d  in  1 : 3  h y d r o c h l o r i c  a c i d  s o l u t i o n .
A r o t a t i o n  o f  t h e  h y d r o c h l o r i d e  was t a k e n ,  and i t  was found t o  p o s s e s s
some o p t i c a l  a c t i v i t y .  The t a r r y  m a t t e r  was s o x h l e t e d  a g a i n  w i th  
b e n z e n e ,  t h e  benzene  s o l u t i o n  was e x t r a c t e d  w i th  a k k a l i ,  washed w i t h  
w a t e r ,  and d r i e d  o v e r  sodium c a r b o n a t e  and b lood  c h a r c o a l ,  ( t o  
remove t h e  c o l o r ) .  Dry h yd ro g en  c h l o r i d e  was p a s s e d  i n t o  t h e  
f i l t e r e d  s o l u t i o n ,  i n  o r d e r  t o  t r y  and o b t a i n  t h e  h y d r o c h l o r i d e  
c r y s t a l l i n e ,  b u t  t h e  only r e s u l t  was a j u s t  v i s i b l e  c l o u d i n e s s .
J
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: ATTE7MPTEB PREFAZÀATION CF QUITENINE Az^IDE OR 
DERIVATIVES CF QUITENINE AMIDE.
( I ) .  3 g .  o f  q u i t e n i n e  were t r e a t e d  w i t h  30 g .  of  t h i o n y l  c h l o r i d e .  
The q u i t e n i n e  v.-ae p l a c e d  in  a f l a s k  f i t t e d  w i t h  a c o n d e n s e r ,  and t h e  
t h i o n y l  c h l o r i d e  was g r a d u a l l y  a d d e d .  A f t e r  t h e  a d d i t i o n  was « 
c o m p le t e ,  t h e  m i x t u r e  was warmed t o  a b o u t  6 0 ° ,  and t h e  e x c e s s  o f  
t h i o n y l  c h l o r i d e  was removed u n d e r  r e d u c e d  p r e s s u r e .  B enzene  was 
added  r e p e a t e d l y ,  and e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e ,  u n t i l  a l l  
t h e  t h i o n y l  c h l o r i d e  had b e en  removed and  th e  s o l i d  was a c r y s t a l l i n e  
m ass .  The s o l i a  was removed f rom  t h e  f l a s k ,  and g round  up w i t h  s o l i d  
ammonium c a r b o n a t e .  The whole was t h e n  added  t o  w a t e r ,  t h e  s o l u t i o n  
was e x t r a c t e d  w i t h  c h l o r o f o r m ,  which was d r i e d  o v e r  sodium c a r b o n a t e ,  
and e v a p o r a t e d  t o  d r y n e s s .  No r e s i d u e  was o b t a i n e d .
( I I ) .  4 g .  o f  q u i t e n i n e  were  added  t o  20 g .  o f  t h i o n y l  c h l o r i d e ,  
in  which  i t  a i l  d i s s o l v e d  w i t h  t h e  e v o l u t i o n  o f  h e a t .  The e x c e s s  o f  
t h i o n y l  c h l o r i d e  was removed a s  b e f o r e .  The a c i d  c h l o r i d e  h y d r o ­
c h l o r i d e  was g round  up t o  a f i n e , d r y  powder and s u s p e n d e d  in  d ry
b e n z e n e ;  ammonia g a s ,  d r i e d  o v e r  s o d a - l i m e  was p a s s e d  i n t o  t h e  
s u s p e n s i o n  f o r  two h o u r s .  The benzene  was t h e n  f i l t e r e d  from any 
unchanged  s o l i d  m a t e r i a l ,  and e v a p o r a t e d .  The r e s i d u e  was powdered 
up, and  a n a l y s e d .
A n a l y s i s .  S u b s t a n c e ,  0 .4 2 9 0  g .
a f t e r  c o m b u s t io n  T =20^
p ^ 759 mm.
volume of  n i t r o g e n  3 6 . 3  c . c .
N foun d  10.9%.
Q u i t e n i n e  amide 0^  r e q u i r e s  N 12.4%
39 .
( I I I ) .  Q u i t e n i n e  h y d r o c h l o r i d e  was p r e p a r e d  by e v a p o r a t i n g  5 g .  
o f  q u i t e n i n e  w i t h  5 c . c .  of  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  An 
e x a c t l y  e q u i v a l e n t  amount o f  t h i o n y l  c h l o r i d e  was u se d  t o  p r e p a r e  
t h e  a c i d  c h l o r i d e .  A f t e r  w o rk in g  up a s  u s u a l ,  d ry  ammonia g a s  was 
p a s s e d  i n t o  a b e n ze n e  s u s p e n s i o n  of  t h e  s o l i d  f o r  1 hour* E x c e s s  
o f  ammonia was removed u n d e r  r e d u c e d  p r e s s u r e ,  and dry  h y d r o c h l o r i c  
a c i d  g as  was p a s s e d  in* A n e g l i g i b l e  p r e c i p i t a t e  o f  t h e  h y d r o c h l o r i d e
was o b t a i n e d ,  and was n o t  worked up .
The e x p e r i m e n t  was r e p e a t e d ,  a d d in g  an e x c e s s  ( ^  m o l . )  of  
t h i o n y l  c h l o r i d e ,  and  w ork ing  up a s  b e f o r e .  The same n e g a t i v e  r e s u l t  
was o b t a i n e d .
( I V ) .  Q u i t e n i n e  amide  h y d r o c h l o r i d e .
The amide was p r e p a r e d  a s  in  e x p e r i m e n t  I I ,  b u t  t h e  b en ze n e  was 
n o t  a l l  e v a p o r a t e d  o f f .  Dry h y d r o c h l o r i c  a c i d  g a s  was p a s s e d  i n t o  
t h e  s o l u t i o n ,  and  a w h i t e  amorphous p r e c i p i t a t e  was o b t a i n e d .  E t h e r  
was a d d e d ,  and t h e  whole  was f i l t e r e d  and l e f t  i n  a vacuum d e s i c c a ­
t o r  f o r  15 h o u r s ,  o v e r  p h o s p h o r u s  p e n t o x i d e  and p a r a f f i n  wax.
A n a l y s i s .  S u b s t a n c e ,  0 .2 7 4 2  g .
. A f t e r  c o m b u s t io n ,  
temp. 1 8° .  
p r e s s .  754 mm.
volume o f  n i t r o g e n  2 0 .8  c . c .
Found N, 8.7%
Calc*  N, 10.1%.
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A ttem pted  p r e p a r a t i o n  of  b e n z o y l  q u i t e n i n e  a m id e .
A.
4 g .  o f  q u i t e n i n e  were h e a t e d  w i th  10 g.  of  b e n z o y l  c h l o r i d e  
on a b o i l i n g  w a t e r - b a t h  f o r  one h o u r .  The s o l i d  o b t a i n e d  was 
washed f r e e  from b e n z o y l  c h l o r i d e  w i t h  e t h e r ,  was d i s s o l v e d  i n  a 
l i t t e l  a b s o l u t e  a l c o h o l ,  and  was p r e c i p i t a t e d  w i t h  e t h e r .  The 
y i e l d  was 4 g .
T h i s  e x p e r im e n t  was r e p e a t e d  u s i n g  9 g .  of  q u i t e n i n e  and  25 g.  
of  b e n z o y l  c h l o r i d e ,  and t h e  p i e l d  was 13 g*
B.
P r e p a r a t i o n of t h e  a c i d  c h l o r i d e  o f  b e n z o y l  q u i t e n i n e .
Benzoy l  q u i t e n i n e  h y d r o c h l o r i d e  was r e f l u x e d  f o r  J- hour  a t  100° ,  
w i t h  20g .  of  t h i o n y l  c h l o r i d e ,  in  which  i t  a lm o s t  im m e d ia te ly  d i s ­
s o lv e d  on warming. The e x c e s s  o f  t h i o n y l ■c h l o r i d e  was removed a s  
u s u a l ,  and t h e  p r e c i p i t a t e  was washed w i t h  d r i e d  b e n z e n e ,  g ro u n d  up, 
l e f t  i n  v a cu o  f o r  20 h o u r s  o v e r  p h o sp h o ru s  p e n t o x i d e ,  p o t a s s iu m  
h y d r o x i d e ,  s u l p h u r i c  a c i d  and p a r a f f i n  wax.
y i e l d  = 4 g .
A n a l y s i s .
S u b s t a n c e ,  0 .4 3 1 7  g .  AgCl , 0 .3 3 9 9  g .  
whence C l ,  22.4%
Q u i t e n i n e  c h l o r i d e  h y d r o c h l o r i d e  r e q u i r e s  Cl 17.9%.
2 HCl r e q u i r e s  Cl 24.6%
B enzoy l  q u i t e n i n e  c h l o r i d e  h y d r o c h l o r i d e
. r e q u i r e s  Cl 14.2%
2 HCl r e q u i r e s  Cl 19.3%
"i-ur A-. '
' J ,  .  ,  32.
c .
R ep ea te d  a t t e m p t  o f  t h e  p r e p a r a t i o n  o r  b o n z o y l  q u i t e n i n e  a m i d e .
j à  2 g .  o f  t h e  a c i d  c h l o r i d e  h y d r o c h l o r i d e  were ground up w i th
0 .8 9 0  ammonia. H ea t  was l i b e r a t e d  d u r i n g  t h e  r e a c t i o n .  The p r o d u c t
was e x t r a c t e d  w i th  benzene  which was washed w i th  w a t e r ,  and t h e
benzene  was d i s t i l l e d  o f f .  The s o l u t i o n  was e v a p o r a t e d  t o ^ d r y n e s s ,
t h e  r e s i d u e  was washed w i th  p e t r o l e u m  e t h e r  ( b . p .  6 0 -3 0 ^ )  and l e f t
in  a vacuum d e s i c c a t o r  ove r  p h o sp h o ru s  p e n t o x i d e ,  c a u s t i c  p o t a s h ,
s u l p h u r i c  a c i d  and p a r a f f i n  wax.
Y i e l d  o f  s o l i d  m a t t e r  0 . 5  g .
A n a l y s i s .  3 .2 6 2  mg. gave 3*615 mg. of  c a rb o n  d i o x i d e ,
1 .340  mg. of  w a t e r .  Ash 0 .0 2 6  mg.
7 .526  mg. gave  0 .4 9 0  c . c .  of  n i t r o g e n  a t  750 ram and  24.
I g n o r i n g  t h e  a s h :
G 6 3 *6%
H , 6.3%
N 7 . 3%
B enzoy l  q u i t e n i n e  amide 0^  N^) r e q u i r e s :
C 70.0%
H 6.3% '
N 9 . 4%
33.
PREPARATION CP C INCHONINE MSTHOBROMIDE.
The method d e s c r i b e d  in  t h e  l i t e r a t u r e  was f i r s t  u se d ,  and gave 
t h e . f o l l o w i n g  r e s u l t :
A s u s p e n s i o n  o f  60 g .  o f  c in c h o n in e  in  ICOC c . c .  o f  a b s o l u t e  
m e th y l  a l c o h o l  was s a t u r a t e d  w i t h  m e th y l  brom ide ,  and k e p t  i n  t h e  
c o ld  f o r  two d a y s .  The c l e a r  s o l u t i o n  was d i s t i l l e d  u n t i l  t h e
I
volume was 150 c . c .  On c o o l i n g  th e  s o l u t i o n ,  c r y s t a l s  s e p a r a t e d ,  !i
b u t  150 c . c .  of  w a te r  were added  t o  p r e c i p i t a t e  t h e  p r o d u c t .  {
The h e a t e d  s o l u t i o n  was f i l t e r e d  t o  remove t h e  scum and a l l o w e d  t o  
c r y s t a l l i s e .  F i l t r a t i o n  f o l l o w e d  by d r y i n g  a t  100°  gave 73 6* of 
c i n c h o n i n e  methobromide  (90% y i e l d ) .
i
The d i f f i c u l t y  o f  o b t a i n i n g  m e th y l  brom ide ,  and t h e  t im e  r e -  1
I
q u i r e d  f o f  t h e  above o p e r a t i o n s  made i t  n e c e s s a r y  t o  e f f e c t  im prove-  •
m e n t s .  The f o l l o w i n g  method was found  s a t i s f a c t o r y :  A s u s p e n s io n  J
o f  59 g .  o f  c in c h o n i n e  in  60 c . c .  o f  a b s o l u t e  m e th y l  a l c o h o l  was f
t r e a t e d  w i t h  a s o l u t i o n  o f  19 c . c .  o f  m e th y l  s u l p h a t e  in  100 c . c .  |
o f  m e th y l  a l c o h o l .  On warming g e n t l y ,  t h e  c in c h o n i n e  d i s s o l v e d ;  
t h e  s o l u t i o n  was e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e ,  500 c . c .  o f  ^ j  
w a t e r  were  a d d ed ;  t h e  s o l u t i o n  was f i l t e r e d  from unchanged  c in c h o n -  
i n e  (3  g . ) ;  t h e  f i l t r a t e  was h e a t e d  t o  a b o u t  6 0 ° ,  and t r e a t e d  w i th  
a s o l u t i o n  of  49 g .  o f  p o t a s s i u m  brom ide  in  500 c . c .  of  w a t e r .  On 
c o o l i n g ,  67  g .  of  c o l o r l e s s ,  h i g h l y  c r y s t a l l i n e  c i n c h o n i n e  m etho­
b rom ide  were  o b t a i n e d .  (87% y i e l d ,  o r  92%, a l l o w i n g  f o r  t h e  r e c o v e r e d  
c i n c h o n i n e ) .
3 4 .
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M e t l i o c h i o r i d e e  o f  c i n c h o n i n e ,  c i n c h o n i d i n e ,  q u i n i n e  a n d  
q u i n i d i n e  w ere  p r e p a r e d  by a  s u i t a b l e  m o d i f i c a t i o n  o f  t h e  p r o c e s s  
u se d  f o r  c i n c h o n i n e  m e t h o b r o m i d e ;  i . e . ,  by s u b s t i t u t i n g  ammonium 
c h l o r i d e  f o r  p o t a s s i u m  b r o m i d e ,  and w here  n e c e s s a r y ,  u s i n g  c o n s i d ­
e r a b l y  l e s s  m e t h y l  a l c o h o l ,  ( e . g . ,  f o r  c i n c h o n i d i n e ) .  I t  i s  
i n t e r e s t i n g  t h a t  c i n c h o n i n e  a n d  i t s  m e t h o h a l i d e s  a r e  v e r y  much l e s s  
s o l u b l e  i n  h y d r o x y l i c  s o l v e n t s  t h a n  c i n c h o n i d i n e  and  i t s  m e th o -  
h a l i d e s .
Q u i n i d i n e  M e th o c h l o r i d e .
T h i s  s u b s t a n c e ,  w h ich  owing  t o  i t s  c o n s i d e r a b l e  s o l u b i l i t y  i n  
t h e  a l c o h o l s  an d  w a t e r ,  was o n ly  o b t a i n e d  w i t h  d i f f i c u l t y ,  i s  n o t  
d e s c r i b e d  i n  t h e  l i t e r a t u r e .  A n a l y s i s  o f  t h i s  compound was t h e r f o r e  
c a r r i e d  o u t :
( 1 ) .  S u b s t a n c e ,  0 . 3 5 2 3  B*
AgGl 0 . 2 1 5 3  g .
Whence 01 ,  9 .7%.
( 2 ) .  S u b s t a n c e ,  0 . 4 3 6 5  g .
A&C;]L (). 1()85 gc. Q
Whence C l ,  1 0 . 2 # .
( 3 ) .  S u b s t a n c e ,  0 . 7 2 9 6  g .  n
AgCl 0 . 2 3 3 4  g .  I
Whence C l ,  9 .3%.
. 35.
The m e t h o c h l o r i d e  was found  t o  be a h y d r a t e ;
0 .6 9 4 6  g .  o f  t h e  s a l t  l o s t ;
0 .0 3 0 0  g . o f ■w a t e r  i n  1 h o u r  a t  110° .
a f u r t h e r  0 . 0 0 1  g .  a f t e r  an a d d i t i o n a l  |  h o u r  a t  1 1 0 ° .
A f t e r  15 h o u r s  in  v a c u o  o v e r  p h o s p h o r u s  p e n t o x i d e  a f u r t h e r  lo ss  
o f  0 .0 0 3  £• was o b t a i n e d .  .
The l o s s  was n o t  i n c r e a s e d  by f u t t h e r  d r y i n g  a t  1 1 0 ° .
T o t a l  l o s s  0 . 0 3 3 0 . g . o f  w a t e r .
F o r  a m o n o h y d r a te ,  t h e  l o s s  s h o u l d  be  0 .0 3 1 9  g .
T h e r e f o r e  t h e  s a l t  fo rm s  a  m o n o h y d r a t e .
--''■■ai-"
#  ■ : : ;
t
/^ R ep rin ted  from  the Journal of the Chem ical Society, 1931.
CLIV.—The Reactions of Substituted Ammonium  
Aryloxides and of Related Compounds. Part I. 
The Preparation and Thermal Decomposition of 
Some Tetrasubstituted Ammonium Aryloxides.
B y  R osalind  V enetia  H en ley  and E ustace  E benezer
Turner.
Compounds of the class described in this communication may be
+  —
written as of the general type R^NjOAr, and are related to the 
metallic phenoxides in structure, but differ from these in tha t the 
phenoxide radical can only be electrovalently attached to the te tra­
substituted ammonium radical, on the assumption that nitrogen is 
only capable of quadricovalency, whereas many of the metallic
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p h e n o x i d e s  m a y  e x h i b i t  t h e  p h y s i c a l  p r o p e r t i e s  o f  c o v a l e n t  c o m ­
p o u n d s  {viz., t h e  s o l u b i l i t y  o f  s o d i u m  ( 3 - n a p h t h o x i d e  a n d  o f  s o d i u m  
p - c h l o r o p h e n o x i d e  i n  a n h y d r o u s  e t h e r )  ( T i j m s t r a  a n d  E g g i n k ,  Ber.y 
1 9 0 6 ,  3 9 ,  1 4 ;  H a n t z s c h  a n d  M a i ,  Ber., 1 8 9 5 ,  2 8 ,  9 7 8 ) .
I n  v i e w  o f  t h e  f a c t  t h a t  m a n y  o f  t h e  r e a c t i o n s  o f  p h e n o l s  i n  
a l k a l i n e  s o l u t i o n  a r e  r e g a r d e d  a s  b e i n g  c a u s e d  b y  t h e  i o n i s a t i o n  o f  
t h e  m e t a l l i c  p h e n o x i d e ,  w e  t h o u g h t  t h a t  s u c h  t y p i c a l  p r o c e s s e s  a s  
t h e  K o l b e - S c h m i t t  c a r b o x y l a t i o n  a n d  t h e  R e i m e r - T i e m a n n  r e a c t i o n  
c o u l d  w i t h  a d v a n t a g e  b e  s t u d i e d  i n  t h e  a m m o n i u m  s e r i e s .  I n  t h e  
p r e s e n t  c o m m u n i c a t i o n  w e  d e s c r i b e  t h e  p r e p a r a t i o n  o f  s o m e  t e t r a ­
s u b s t i t u t e d  a m m o n i u m  a r y l o x i d e s ,  a n d  t h e i r  b e h a v i o u r  t o w a r d s  
h e a t ,  s i n c e  w e  r e q u i r e d  a  k n o w l e d g e  o f  t h e i r  t h e r m a l  s t a b i l i t y  b e f o r e  
u n d e r t a k i n g  a n  e x a m i n a t i o n  o f  t h e i r  r e a c t i o n s .
A  n u m b e r  o f  t e t r a s u b s t i t u t e d  a m m o n i u m  p i c r a t e s  a r e  k n o w n ,  b u t  
t h e s e  a r e  c l e a r l y  u n s u i t a b l e  f o r  t h i s  w o r k .  T h e  p r e p a r a t i o n  o f  
phenyltrimethylammonium o~nitrophenoxide w a s  f i r s t  a t t e m p t e d ,  s o  
a s  t o  g a u g e  t h e  e x p e r i m e n t a l  d i f f i c u l t i e s  l i k e l y  t o  b e  e n c o u n t e r e d  
w h e n  l e s s  a c i d i c  p h e n o l s  w e r e  u s e d .  W e  r e a l i s e d  t h a t ,  a c c o r d i n g  
t o  c o m m o n l y  a c c e p t e d  t h e o r y ,  o -  a n d  p - n i t r o p h e n o x i d e s  a r e  s a l t s  o f  
t h e  c o l o u r e d  q u i n o n o i d  f o r m s ,  a n d  n o t  t h e r e f o r e  t r u e  p h e n o x i d e s .  
T h i s  t h e o r y ,  h o w e v e r ,  i s  l e s s  s a t i s f a c t o r y  t h a n  i s  s o m e t i m e s  a s s u m e d ,  
f o r  i t  d o e s  n o t  e n t i r e l y  a c c o r d  w i t h  t h e  e x p e r i m e n t a l  o b s e r v a t i o n s  
o f  t h e  a c t i o n  o f  a l k y l  h a f i d e s  o n  s i l v e r  n i t r o p h e n o x i d e s ,  a n d  d o e s  n o t  
e x p l a i n  t h e  b r i g h t  r e d  c o l o u r  o f  s o d i u m  m - n i t r o p h e n o x i d e ,  n o r  t h e  
e x i s t e n c e  o f  o r a n g e - r e d  f o r m s  o f  2  : 4  : 6- t r i b r o m o p h e n o l  a n d  s i m i l a r  
c o m p o u n d s  ( T o r r e y  a n d  H u n t e r ,  Ber., 1 9 0 7 ,  4 0 ,  4 3 3 3 ;  H a n t z s c h  
a n d  S c h o l t z e ,  ibid., p .  4 8 8 1 ) .
A l t h o u g h  p h e n y l t r i m e t h y l a m m o n i u m  o - n i t r o p h e n o x i d e  i s  e x ­
t r e m e l y  h y g r o s c o p i c ,  i t  w a s  i s o l a t e d  a s  a  s c a r l e t ,  h i g h l y  c r y s t a l l i n e  
s u b s t a n c e  : t h e  c o r r e s p o n d i n g  p-nitrophenoxide, a l s o  v e r y  h y g r o ­
s c o p i c ,  w a s  y e l l o w .  S o  f a r  t h e  m - n i t r o p h e n o x i d e  h a s  r e m a i n e d  a s  a  
d e e p  r e d  o i l  i n  s p i t e  o f  a l l  a t t e m p t s  t o  m a k e  i t  c r y s t a l l i s e .
T h e  i s o l a t i o n  o f  phenyltrimeiJiylammonium phenoxide p r o v e d  
d i f f i c u l t ,  b u t  t h e  s u b s t a n c e  w a s  e v e n t u a l l y  o b t a i n e d  i n  q u a n t i t y .  
I t  e x h i b i t e d  t r u e  s a l t - l i k e  i n s o l u b i l i t y  i n  a n h y d r o u s  e t h e r ,  b u t  w a s  
v e r y  s o l u b l e  i n  w a t e r  a n d  i n  a l c o h o l ,  a n d  w a s  s u f f i c i e n t l y  s o l u b l e  i n  
n i t r o b e n z e n e  t o  c r y s t a l h s e  f r o m  t h i s  s o l v e n t .  Phenyltrimethyl­
ammonium oi-naphthoxide w a s  e v e n  m o r e  d i f f i c u l t  t o  i s o l a t e  i n  t h e  
p u r e  s t a t e ,  b u t  w a s  f i n a l l y  c r y s t a l l i s e d  f r o m  n i t r o b e n z e n e  a n d  a l s o  
f r o m  a c e t o n e .
Phenyltrimethylammonium thiophenoxide a n d  plienyltrimethyl- 
arsonium thiophenoxide h a v e  b e e n  p r e p a r e d .  T h e i r  i s o l a t i o n  i s  m u c h  
l e s s  d i f f i c u l t  t h a n  t h a t  o f  t h e  a b o v e  p h e n o x i d e s .
W e  p r o p o s e  t o  s t u d y  a l l  t h e  r e l e v a n t  r e a c t i o n s  o f  t h e  n e w  s e r i e s  o f
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p h e n o x i d e s  i n  t h e  s o l i d  s t a t e ,  i n  w e a k l y  i o n i s i n g  s o l v e n t s  s u c h  a s  
n i t r o b e n z e n e ,  a n d  i n  h y d r o x y l i c  s o l v e n t s .  P r e l i m i n a r y  w o r k  h a s  
a l r e a d y  s h o w n  t h a t  t h e  a m m o n i u m  p h e n o x i d e s  a r e  v e r y  m u c h  m o r e  
r e a c t i v e  t h a n  t h o s e  o f  t h e  a l k a l i  m e t a l s .  I n  t h e  p r e s e n t  c o m m u n i c ­
a t i o n ,  h o w e v e r ,  w e  c o n f i n e  o u r  a t t e n t i o n  t o  t w o  s e t s  o f  o b s e r v a t i o n s  :
( 1) o n  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  t h e  a r y l o x i d e s  a n d  (2) o n  t h e i r  
i n t e r a c t i o n  w i t h  a l k y l  i o d i d e s .
I n i t i a l  e x p e r i m e n t s  o n  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  t h e  p h e n o x i d e s  
s h o w e d  t h a t  t h e s e  c o m p o u n d s  u n d e r g o  p a r t i c u l a r l y  s m o o t h  a n d  
• q u a n t i t a t i v e  s c i s s i o n  :
0  A r  =  R ^ R g R g N  +  R ^ O A r ,
I n  f a c t ,  i n  a  s t u d y  o f  i t s  t h e r m a l  d e c o m p o s i t i o n  a  t e t r a s u b s t i t u t e d  
a m m o n i u m  a r y l o x i d e  m a y  f o r  a l l  p r a c t i c a l  p u r p o s e s  b e  r e g a r d e d  a s  a  
m i x t u r e  o f  i t s  d e c o m p o s i t i o n  p r o d u c t s ,  w h i c h  h a s  t o  b e  p u r i f i e d  b y  
v a c u u m  d i s t i l l a t i o n .  I n  a l l  t h e  c a s e s  e x a m i n e d ,  t h e r m a l  d e c o m ­
p o s i t i o n  p r o c e e d s  q u a n t i t a t i v e l y  i n  a  f e w  m i n u t e s .  F o r  e x a m p l e ,  
i f  p h e n y l t r i m e t h y l a m m o n i u m  p h e n o x i d e  i s  “  d i s t i l l e d  ”  u n d e r  
r e d u c e d  p r e s s u r e  b y  m e a n s  o f  a  h e a t i n g  b a t h  k e p t  a t  a b o u t  120° ,  
d i m e t h y l a n i l i n e  a n d  a n i s o l e  p a s s  o v e r  a s  r a p i d l y  a s  t h e  a p p a r a t u s  
a l l o w s ,  a n d  a r e  o b t a i n e d  i n  q u a n t i t a t i v e  y i e l d .
A  c o n v e n i e n t  m e t h o d  i s  t h u s  m a d e  a v a i l a b l e  f o r  a  s t u d y  o f  t h e  m o d e  
o f  d e c o m p o s i t i o n  o f  t e t r a s u b s t i t u t e d  a m m o n i u m  a r y l o x i d e s  o f  a  
n u m b e r  o f  d i f f e r e n t  t y p e s .  T h e  c o u r s e  o f  a n y  s u c h  t h e r m a l  d e c o m ­
p o s i t i o n  m a y  b e  c o n t r o l l e d  e i t h e r  b y  t h e  g r o u p s  R^^, R g ,  R g ,  a n d  R ^  
c o n t a i n e d  i n  t h e  a m m o n i u m  i o n ,  o r  b y  t h e  a r y l  g r o u p  o f  t h e  a r y l o x i d e  
i o n ,  b u t  c o n s i d e r a t i o n  o f  t h e  p r o b a b l e  m e c h a n i s m  o f  t h e  d e c o m ­
p o s i t i o n  s u g g e s t s  t h a t ,  a l t h o u g h  t h e  a r y l o x y - g r o u p  m a y  a f f e c t  t h e  
speed o f  d e c o m p o s i t i o n ,  i t  i s  u n l i l v c l y  t o  h a v e  a n y  e f f e c t  o n  t h e  sense 
o f  t h a t  d e c o m p o s i t i o n .  T h e  s i m p l e s t  e x p r e s s i o n  f o r  t h e  d e c o m ­




O A i'  R i : N : R g  +  R 4 +  O A r  - >  R ^ R g R g N  +  R ^ O A r .
T h a t  i s ,  s i n c e  t h e  a m m o n i u m  i o n  i s  f o r c e d  t o  e j e c t  o n e  o f  i t s  R  c o m ­
p o n e n t s ,  i t  e x p e l s  t h a t  o n e  w h i c h  i s  l e a s t  f i r m l y  a t t a c h e d .  T h i s  
e j e c t e d  f r a g m e n t  R ^  w i l l  h a v e  a  b r i e f  e x i s t e n c e  a s  a  p o s i t i v e  i o n ,  a n d  
n e u t r a l i t y  w i l l  b e  a t t a i n e d  b y  i t s  c o m b i n a t i o n  w i t h  t h e  a r y l o x i d e  i o n .  
I t  i s  k n o w n  t h a t  d u r i n g  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  l e a d  t e t r a -  
m e t h y l ,  m e t h y l  i o n s  d o  p e r s i s t  d u r i n g  a  s h o r t  t i m e  ( P a n e t h  a n d  
H o f e d i t z ,  Ber., 1 9 2 9 ,  6 2 ,  1 3 3 5 ) .  A l t h o u g h  i t  i s  p o s s i b l e  t h a t  t h e  
a r y l o x i d e  i o n  m a y  h a v e  p r e f e r e n c e  f o r  o n e  o r  o t h e r  o f  t h e  g r o u p s  R ,
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i t  s e e m s  c l e a r  t h a t  t h e  m a i n  c o n t r o l l i n g  m e c h a n i s m  i s  t h e  i n i t i a l  
d e c o m p o s i t i o n  o f  t h e  a m m o n i u m  c o m p l e x .
T h e  t h e r m a l  d e c o m p o s i t i o n  o f  p h e n y l t r i m e t h y l a m m o n i u m  p h e n ­
o x i d e ,  0- ,  m - ,  a n d  p - n i t r o p h e n o x i d e ,  2 : 4:-dinitrophenoxide, a - n a p h t h -  
o x i d e ,  a n d  m - 4 - x y l y l o x i d e  l e a d s  i n  e v e r y  i n s t a n c e  t o  d i m e t h y l a n i l i n e  
a n d  t h e  m e t h y l  e t h e r  o f  t h e  p h e n o l .  I n  n o  c a s e  w a s  a  d e t e c t a b l e  
q u a n t i t y  o f  t h e  d i p h e n y l  e t h e r  t y p e  f o r m e d .  T h e  t h e r m a l  d e c o m ­
p o s i t i o n  o f  phenylbenzyldimetJiylammonium o-nitro- a n d  2  : 4:~dinUro- 
phenoxide a n d  t h e  x y l y l o x i d e  a l l  g i v e  d i m e t h y l a n i l i n e ,  t h e  b e n z y l  
r a d i c a l  i n  e a c h  c a s e  u n d e r g o i n g  m o s t  r e a d y  e j e c t i o n  f r o m  t h e  
a m m o n i u m  i o n ,  a n d  a p p e a r i n g  a s  t h e  c o r r e s p o n d i n g  b e n z y l  a r y l  
e t h e r .  T o  a  l i m i t e d  e x t e n t ,  t h e s e  r e s u l t s  s u g g e s t  t h a t  e v e n  p r o ­
f o u n d  m o d i f i c a t i o n  o f  t h e  a r y l o x i d e  d o e s  n o t  h a v e  a n y  e f f e c t  o n  t h e  
c o u r s e  o f  t h e  d e c o m p o s i t i o n .
T h e r m a l  d e c o m p o s i t i o n  o f  phenyldimethylethylammonium  2  : 4 - d t -  
nitrophenoxide, o n  t h e  o t h e r  h a n d ,  i s  n o t  u n i d i r e c t i o n a l ,  d i m e t h y l ­
a n i l i n e ,  m e t h y l e t h y l a n i l i n e ,  2  : 4 - d i n i t r o a n i s o l e  a n d  2  : 4 - d i n i t r o -  
p h e n e t o l e  a l l  b e i n g  f o r m e d .
P h e n y l t r i m e t h y l a m m o n i u m  t h i o p h e n o x i d e  u n d e r g o e s  q u a n t i t a t i v e  
t h e r m a l  d e c o m p o s i t i o n  i n t o  d i m e t h y l a n i l i n e  a n d  t h i o a n i s o l e .  W h e n  
p h e n y l t r i m e t h y l a r s o n i u m  t h i o p h e n o x i d e  i s  h e a t e d ,  s l i g h t  s u b l i m ­
a t i o n  t a k e s  p l a c e ,  b u t  a g a i n  q u a n t i t a t i v e  d e c o m p o s i t i o n  o c c u r s ,  
g i v i n g  p h e n y l d i m e t h y l a r s i n e  a n d  t h i o a n i s o l e .
W e  h a v e  a l s o  e x a m i n e d  t h e  e f f e c t  o f  b o i l i n g  a q u e o u s  s o l u t i o n s  o f  
s o m e  t e t r a s u b s t i t u t e d  a m m o n i u m  a r y l o x i d e s .  I t  w a s  n o t  s u r p r i s i n g  
t o  f i n d  t h a t  p h e n y l t r i m e t h y l a m m o n i u m  p h e n o x i d e  w a s  r a p i d l y  a n d  
c o m p l e t e l y  c o n v e r t e d ,  w h e n  b o i l e d  i n  10%  a q u e o u s  s o l u t i o n ,  i n t o  
d i m e t h y l a n i l i n e ,  p h e n o l  a n d  m e t h y l  a l c o h o l ,  a n d  t h a t  n o  a n i s o l e  
c o u l d  b e  d e t e c t e d ,  b u t  i t  w a s  n o t  a n t i c i p a t e d  t h a t  p r o l o n g e d  b o i l i n g ,  
f o l l o w e d  b y  e v a p o r a t i o n  t o  d r y n e s s  o f  t h e  c o r r e s p o n d i n g  p - n i t r o -  
p h e n o x i d e ,  w o u l d  b e  u n a c c o m p a n i e d  b y  a p p r e c i a b l e  h y d r o l y s i s  o r  
d e c o m p o s i t i o n ,  w h i c h  w a s  o u r  e x p e r i m e n t a l  o b s e r v a t i o n .  E x p e r i ­
m e n t s  a r e  i n  p r o g r e s s  o n  t h e  e f f e c t  o f  l i m i t e d  a m o u n t s  o f  w a t e r  a n d  
o t h e r  s o l v e n t s  o n  t h e  d e c o m p o s i t i o n  o f  t h e  p h e n o x i d e s .
A f t e r  t h e  a b o v e  w o r k  w a s  c o m p l e t e d ,  w e  f o u n d  t h a t  H a n h a r t  a n d  
I n g o l d  ( J . ,  1 9 2 7 ,  9 9 7 ) ,  i n  t h e i r  s t u d y  o f  a  d i f f e r e n t  p r o b l e m ,  h a d  
d e c o m p o s e d  t r i m e t h y l - % - p r o p y l a m m o n i u m  p h e n o x i d e  a n d  m - n i t r o -  
p h e n o x i d e ,  w i t h o u t  a t t e m p t i n g  t o  i s o l a t e  t h e m .  W e  h a v e  b e e n  i n  
c o m m u n i c a t i o n  w i t h  P r o f e s s o r  I n g o l d ,  w h o  e x p r e s s e d  h i s  w i l l i n g n e s s  
f o r  u s  t o  p r o c e e d  w i t h  o u r  w o r k .
T e t r a s u b s t i t u t e d  a m m o n i u m  a r y l o x i d e s  r e a c t  w i t h  m e t h y l  ( e t h y l )  
i o d i d e  t o  g i v e  t h e  q u a t e r n a r y  a m m o n i u m  i o d i d e  a n d  a  p h e n o l i c  e t h e r  r
N R J O A r  +  M e l  =  N R J Ï  +  M e O A r
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a n d  h e r e  t h e  s p e e d  o f  t h e  r e a c t i o n  i s  a f f e c t e d  l a r g e l y  b y  t h e  n a t u r e  
o f  t h e  g r o u p s  s u b s t i t u t e d  i n  t h e  a r y l o x i d e  i o n .
O f  t h e  p h e n y l t r i m e t h y l a m m o n i u m  p h e n o x i d e s  a t  o u r  d i s p o s a l ,  t h e  
m - 4 - x y l y l o x i d e  a n d  t h e  a - n a p h t h o x i d e  r e a c t e d  v i g o r o u s l y  w i t h  c o l d  
m e t h y l  i o d i d e ,  a n d  t h e  p h e n o x i d e  a l m o s t  a s  r e a d i l y .  T h e  o - n i t r o -  
p h e n o x i d e  r e a c t e d  c o m p l e t e l y  w i t h  m e t h y l  i o d i d e  a f t e r  f i v e  m i n u t e s ’ 
b o i l i n g  i n  a l c o h o l i c  s o l u t i o n ,  w h e r e a s  t h e  2  : 4 - d i n i t r o p h e n o x i d e  w a s  
u n a f f e c t e d  b y  t h i s  t r e a t m e n t ,  a l t h o u g h ,  a f t e r  b e i n g  b o i l e d  i n  m e t h y l -  
a l c o h o l i c  s o l u t i o n  w i t h  m e t h y l  i o d i d e  f o r  t l i r e e  h o u r s ,  i t  w a s  e n t i r e l y  
c o n v e r t e d  i n t o  t h e  q u a t e r n a r y  i o d i d e  a n d  d i n i t r o a n i s o l e .  T h e s e  
r e s u l t s  i n d i c a t e  q u i t e  d e f i n i t e l y  t h a t  s u b s t i t u t i o n  i n  t h e  a r y l o x i d e  
i o n  n u c l e u s  o f  e l e c t r o n - a t t r a c t i n g  g r o u p s  d e c r e a s e s  t h e  r a t e  o f  
r e a c t i o n  w i t h  m e t h y l  i o d i d e ,  b u t  g r o u p s  h a v i n g  e l e c t r o n - d o n a t i n g  
p r o p e r t i e s  i n c r e a s e  i t .
P h e n y l t r i m e t h y l a r s o n i u m  t h i o p h e n o x i d e  r e a c t s  i n s t a n t a n e o u s l y  
w i t h  c o l d  m e t h y l  i o d i d e  t o  g i v e  p h e n y l t r i m e t h y l a r s o n i u m  i o d i d e  
a n d  t h i o a n i s o l e .  P h e n y l t r i m e t h y l a m m o n i u m  t h i o p h e n o x i d e  r e a c t s  
r e a d i l y  w i t h  c o l d  m e t h y l  i o d i d e  t o  g i v e  t h e  a n a l o g o u s  p r o d u c t s .
W e  h o p e  s h o r t l y  t o  r e p o r t  o n  t h e  a c t i o n  o f  h a l o g e n s ,  c h l o r o f o r m ,  
a n d  o t h e r  c o m p o u n d s  o n  t h e  n e w  p h e n o x i d e s .
E x p e r i m e n t a l .
Plienyltrimetliylammonium  o -N  itrophenoxide.— A  c o n c e n t r a t e d  
w a r m  a q u e o u s  s o l u t i o n  o f  p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e  (1 m o l . )  
w a s  t r e a t e d  w i t h  f r e s h l y  p r e c i p i t a t e d  s i l v e r  o x i d e  u n t i l  t h e  b l a c k  
o x i d e  w a s  c l e a r l y  v i s i b l e  o n  s h a k i n g ,  a n d  t h e  s o l u t i o n  g a v e  n o  t e s t  
f o r  i o d i d e .  T h e  l i q u i d  w a s  f i l t e r e d  a n d ,  a f t e r  b e i n g  t r e a t e d  w i t h  
1 m o l .  o f  o - n i t r o p h e n o l ,  w a s  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  i n  a  
b a t h  k e p t  a t  5 0 — 6 0 ° ,  a l c o h o l  b e i n g  a d d e d  f r o m  t i m e  t o  t i m e  t o  
a c c e l e r a t e  e v a p o r a t i o n .  W h e n  n o  f u r t h e r  d i m i n u t i o n  i n  v o l u m e  
o c c u r r e d ,  t h e  s y r u p y  r e d  p r o d u c t  w a s  d i s s o l v e d  i n  a  l i t t l e  a b s o l u t e  
a l c o h o l ,  a n d  a n h y d r o u s  e t h e r  w a s  a d d e d  u n t i l  c r y s t a l l i s a t i o n  s e t  i n ,  
w h e r e u p o n  e x c e s s  o f  e t h e r  w a s  a d d e d ,  a n d  t h e  p r e c i p i t a t e  w a s  
r a p i d l y  c o l l e c t e d  a n d  w a s h e d  v i t h  e t h e r .  A f t e r  b e i n g  d r i e d  i n  a  
v a c u u m  o v e r  s u l p h u r i c  a c i d ,  t h e  o-nitroplienoxide w a s  o b t a i n e d  a s  
s c a r l e t  p l a t e s ,  m .  p .  1 1 7 — 1 1 7 - 5 °  ( F o u n d  : N ,  1 0 - 0 .  C i g H ig O g N g  
r e q u i r e s  N ,  1 0 - 2 % ) .  T h e  n i t r o p h e n o x i d e  i s  e x c e s s i v e l y  h y g r o s c o p i c ,  
b u t  c a n  b e  k e p t  f o r  a n  i n d e f i n i t e  p e r i o d  i n  a  d r y  a t m o s p h e r e .  I t  m a y  
a l s o  b e  p r e p a r e d  b y  t h e  i n t e r a c t i o n  o f  p h e n y l t r i m e t h y l a m m o n i u m  
i o d i d e  a n d  s i l v e r  o - n i t r o p h e n o x i d e  i n  b o i l i n g  a l c o h o l i c  s o l u t i o n .
T h e  n i t r o p h e n o x i d e  w a s  w a r m e d  f o r  5  m i n u t e s  w i t h  a  m e t h y l -  
a l c o h o l i c  s o l u t i o n  o f  m e t h y l  i o d i d e .  E t h e r  w a s  t h e n  a d d e d ,  a n d  t h e  
c r y s t a l l i n e  p r e c i p i t a t e  w a s  i d e n t i f i e d  a s  p h e n y l t r i m e t h y l a m m o n i u m  
i o d i d e ,  m .  p .  2 2 5 ° .
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Thermal Decomposition of Phenyltrimethylammonium o-Nitro- 
phenoxide.— T h e  p h e n o x i d e  ( 7 - 5  g . )  w a s  h e a t e d  a t  1 8 0 °  i n  a  l a r g e  
b o i l i n g  t u b e  f i t t e d  w i t h  a  c a l c i u m  c h l o r i d e  t u b e .  A f t e r  a  f e w  
m i n u t e s ,  d i m e t h y l a n i l i n e  b e g a n  t o  f o r m ,  a n d  a f t e r  a n  h o u r  t h e  
d e c o m p o s i t i o n  w a s  c o m p l e t e .  T h e  p r o d u c t  w a s  d i s s o l v e d  i n  b e n z e n e  
a n d  t h e  s o l u t i o n  e x t r a c t e d  w i t h  2 0 %  h y d r o c h l o r i c  a c i d .  F r o m  t h e  
b e n z e n e  s o l u t i o n  w e r e  o b t a i n e d  3 - 5  g .  o f  o - n i t r o a n i s o l e ,  a n d  f r o m  t h e  
a c i d  l a y e r ,  b y  t r e a t m e n t  w i t h  a m m o n i u m  h y d r o x i d e ,  f o l l o w e d  b y  
e x t r a c t i o n  w i t h  b e n z e n e ,  t h e  d i m e t h y l a n i l i n e  w a s  i s o l a t e d .  I t  w a s  
c o n v e r t e d  i n t o  t h e  m e t h i o d i d e ,  o f  w h i c h  5  g .  w e r e  o b t a i n e d ,  m .  p .  
2 2 9 — 2 3 0 ° .
Phenyltrimethylammonium p-Nitrophenoxide.— T h e  p r e p a r a t i o n  o f  
t h i s  c o m p o u n d  w a s  c a r r i e d  o u t  s i m i l a r l y  t o  t h a t  o f  t h e  o - i s o m e r i d e .  
T h e  p h e n o x i d e  w a s  o b t a i n e d  c r y s t a l l i n e  b y  a d d i n g  a n h y d r o u s  e t h e r  
t o  t h e  c o n c e n t r a t e d  a l c o h o l i c  s o l u t i o n ,  a n d  f o r m e d  y e l l o w  p r i s m a t i c  
n e e d l e s ,  m .  p .  1 1 8 — 1 1 9 ° ,  w i t h  c o n s i d e r a b l e  p r e v i o u s  s o f t e n i n g .  I t  
i s  v e r y  h y g r o s c o p i c ,  b u t  m a y  b e  c r y s t a l l i s e d  ( y e l l o w  n e e d l e s )  f r o m  
n i t r o b e n z e n e  i f  i t  h a s  p r e v i o u s l y  b e e n  w e l l  d r i e d  ( F o u n d  : N ,  10 0 . 
C a l c .  : N ,  1 0 * 2 % ) .  D e c o m p o s i t i o n  a t  1 7 0 °  b y  t h e  p r o c e s s  u s e d  f o r  
t h e  o - i s o m e r i d e  g a v e  a l m o s t  t h e o r e t i c a l  y i e l d s  o f  d i m e t h y l a n i h n e  
a n d  j ) - n i t r o a n i s o l e .
T h e  ^ - n i t r o p h e n o x i d e  r e a c t s  r a p i d l y  w i t h  p o t a s s i u m  i o d i d e  i n  
a l c o h o l i c  s o l u t i o n  t o  g i v e  p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e .  A  
s o l u t i o n  o f  2  g .  o f  t h e  j o - p h e n o x i d e  i n  4 0  c . c .  o f  w a t e r  w a s  b o i l e d  u n d e r  
r e f i u x  f o r  4  h o u r s .  N o  o d o u r  o f  d i m e t h y l a n i l i n e  w a s  p r o d u c e d ,  a n d  
t h e  s o l u t i o n  w a s  t h e n  e v a p o r a t e d  t o  d r y n e s s  o n  t h e  w a t e r - b a t h .  
T h e  r e s i d u e  b e c a m e  s o l i d ,  a f t e r  b e i n g  d r i e d  i n  a  v a c u u m  o v e r  p h o s ­
p h o r i c  o x i d e ,  a n d  t h e n  m e l t e d  a t  1 1 5 — 1 2 0 ° .  I t  p r o d u c e d  n o  
d e p r e s s i o n  o f  t h e  m .  p .  o f  t h e  o r i g i n a l  m a t e r i a l .
M e t h y l  i o d i d e  s l o w l y  c o n v e r t s  p h e n y l t r i m e t h y l a m m o n i u m  p - n i t r o -  
p h e n o x i d e  i n  b o i l i n g  a l c o h o l i c  s o l u t i o n  i n t o  t h e  q u a t e r n a r y  i o d i d e  
a n d  ; o - n i t r o a n i s o l e .
Phenyltrimethylammoyiium m-Nitrophenoxide.— T h i s  s u b s t a n c e  
w a s  o b t a i n e d  a s  a  d e e p  r e d  o i l ,  w h i c h ,  e v e n  a f t e r  p r o l o n g e d  e x t r a c t i o n  
w i t h  a n h y d r o u s  e t h e r  a n d  v a c u u m  d e s i c c a t i o n  o v e r  p h o s p h o r i c  
o x i d e ,  r e f u s e d  t o  c r y s t a l l i s e .  B y  t h i s  p r o c e s s ,  h o w e v e r ,  a l l  i m p u r i t i e s  
a r e  e f f e c t i v e l y  r e m o v e d .
T h e r m a l  d e c o m p o s i t i o n  o f  t h e  p h e n o x i d e  b y  t h e  p r o c e s s  u s e d  
a b o v e  g a v e  a l m o s t  t h e o r e t i c a l  y i e l d s  o f  d i m e t h y l a n i l i n e  a n d  m - n i t r o -  
a n i s o l e  ( m .  p .  3 6 °  w h e n  c r u d e ) .
Phenyltrimethylammonium  2  : 4^-Dinitrophenoxide.— T h i s  s u b s t a n c e  
c r y s t a l l i s e d  f r o m  t h e  c o n c e n t r a t e d  a l c o h o l i c  s o l u t i o n  o b t a i n e d  a t  t h e  
e v a p o r a t i o n  s t a g e  o f  i t s  p r e p a r a t i o n  b y  t h e  u s u a l  p r o c e s s .  I t  
c r y s t a l l i s e d  f r o m  a b s o l u t e  a l c o h o l  i n  y e l l o w  p r i s m s ,  s o f t e n i n g  a t  9 0 °
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a n d  m e l t i n g  a t  1 2 1 — 1 2 3 °  ( F o u n d  : N ,  1 3 * 2 .  r e q u i r e s
JN , 1 3 - 2 % ) .
T h e  p h e n o x i d e  w a s  h e a t e d  f o r  J  h o u r  a t  1 3 5 — 1 4 0 ° .  O n  c o o l i n g ,
i t  w a s  f o u n d  t o  b e  u n c h a n g e d .  A t  t e m p e r a t u r e s  u p  t o  1 6 5 ° ,  t h e  
s a m e  r e s u l t  w a s  o b t a i n e d ,  e v e n  a f t e r  1 h o u r ’s  h e a t i n g .  A t  1 7 0 —  
1 7 5 ° ,  d e c o m p o s i t i o n  t o o k  p l a c e  i n  1 h o u r ,  a n d  a t  1 8 0 °  o r  h i g h e r  
t e m p e r a t u r e s ,  p r o f o u n d  d e c o m p o s i t i o n  s e t  i n  s u d d e n l y  w i t h  c h a r r i n g .
T h e  s u c c e s s f u l  d e c o m p o s i t i o n  a t  1 7 0 — 1 7 5 °  g a v e  a  m i x t u r e  w h i c h  
w a s  t r e a t e d  w i t h  2 0 %  h y d r o c h l o r i c  a c i d .  T h e  2 : 4 - d i n i t r o a n i s o l e  
o b t a i n e d  w a s  i d e n t i f i e d  b y  c o m p a r i s o n  w i t h  a n  a u t h e n t i c  s p e c i m e n  
a n d  b y  c o n v e r s i o n  i n t o  2 : 4 - d i n i t r o p h e n y l p i p e r i d i n e .  T h e  d i m e t h y l ­
a n i l i n e  p r o d u c e d  w a s  i d e n t i f i e d  b y  i t s  b .  p .  a n d  b y  c o n v e r s i o n  i n t o  
t h e  m e t h i o d i d e .
A  m e t h y l - a l c o h o l i c  s o l u t i o n  o f  t h e  2  : 4 - d i n i t r o p h e n o x i d e  a n d  
m e t h y l  i o d i d e  w a s  k e p t  a t  5 0 — 6 0 °  f o r  a n  h o u r  ; t h e  p h e n o x i d e  w a s  
r e c o v e r e d  u n c h a n g e d .  A f t e r  3  h o u r s ’ b o i h n g ,  h o w e v e r ,  t h e o r e t i c a l  
y i e l d s  w e r e  o b t a i n e d  o f  p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e ,  m .  p .  
2 2 5 ° ,  a n d  o f  2  : 4 - d i n i t r o a n i s o l e ,  w h i c h  w a s  i d e n t i f i e d  b y  c o n v e r s i o n  
i n t o  2  : 4 - d i n i t r o p h e n y l p i p e r i d i n e .
Plienyltrimeihylammonium Phenoxide.— A n  a q u e o u s  s o l u t i o n  o f
1 m o l .  o f  p h e n y l t r i m e t h y l a m m o n i u m  h y d r o x i d e  w a s  c o n c e n t r a t e d  
u n d e r  r e d u c e d  p r e s s u r e  a t  a b o u t  5 0 ° ,  w i t h  o c c a s i o n a l  a d d i t i o n  o f  
a b s o l u t e  a l c o h o l .  A n  a l c o h o l i c  s o l u t i o n  o f  p h e n o l  (1  m o l . )  w a s  t h e n  
a d d e d ,  a n d  t h e  e v a p o r a t i o n  c o n t i n u e d .  W h e n  n o  m o r e  a l c o h o l  c a m e  
o f f ,  t h e  s y r u p  w a s  d i s s o l v e d  i n  a l c o h o l  a n d  e x c e s s  o f  a n h y d r o u s  e t h e r  
w a s  a d d e d .  T h e  phenoxide, w h i c h  s e p a r a t e d  i n  p e a r l y  p l a t e s ,  w a s  
d r i e d  i n  a  v a c u u m  o v e r  s u l p h u r i c  a c i d  a n d  p h o s p h o r i c  o x i d e ,  a n d  
t h e n  m e l t e d  a t  5 8 — 5 9 ° .  A f t e r  b e i n g  c r y s t a l l i s e d  f r o m  n i t r o b e n z e n e ,  
w i t h  s u b s e q u e n t  w a s h i n g  w i t h  l i g h t  p e t r o l e u m  ( b .  p .  6 0 — 8 0 ° ) ,  i t  
m e l t e d  a t  7 5 — 7 6 °  ( F o u n d  : N ,  6 0 .  C 15H 19O N  r e q u i r e s  N ,  6 * 1 % ) .  
T h e  s u b s t a n c e  a l s o  c r y s t a l l i s e d  f r o m  a c e t o n e - l i g h t  p e t r o l e u m  i n  
w h i t e  p l a t e s .
A  s o l u t i o n  o f  2  g .  o f  t h e  p h e n o x i d e  i n  2 0  c . c .  o f  w a t e r  w a s  b o i l e d  f o r
2  h o u r s  u n d e r  r e f i u x .  T h e  m i x t u r e  w a s  t h e n  f r e e d  b y  r o u t i n e  
m e t h o d s  f r o m  b a s i c  a n d  a c i d i c  s u b s t a n c e s .  A n  e t h e r e a l  s o l u t i o n  
o b t a i n e d ,  w h i c h  m u s t  h a v e  c o n t a i n e d  a n y  a n i s o l e ,  w a s  e v a p o r a t e d ,  
a n d  l e f t  n o  a p p r e c i a b l e  r e s i d u e ,  a l t h o u g h  t h e  o d o u r  o f  a n i s o l e  w a s  
d e t e c t e d .  T h e  a m o u n t  o f  a n i s o l e  p r o d u c e d  w a s  l e s s  t h a n  0 *1  g .  
D i m e t h y l a n i l i n e ,  p h e n o l  a n d  m e t h y l  a l c o h o l  w e r e  f o u n d  i n  t h e  
e x p e c t e d  e x t r a c t s .
T h e  p h e n o x i d e  r e a c t e d  w i t h  c o l d  m e t h y l  i o d i d e ,  a n d  w h e n  h e a t e d  
f o r  a  f e w  m i n u t e s  w i t h  a l c o h o l i c  m e t h y l  i o d i d e ,  w a s  q u a n t i t a t i v e l y  
c o n v e r t e d  i n t o  p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e .
T h e  d e c o m p o s i t i o n  o f  t h e  p h e n o x i d e  w a s  c a r r i e d  o u t  a s  f o l l o w s  :
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1 7 * 5  g .  w e r e  p l a c e d  i n  a  C l a i s e n  d i s t i l l i n g  f l a s k ,  w h i c h  w a s  e v a c u a t e d ,  
a n d  g r a d u a l l y  h e a t e d  a t  1 2 0 °  d u r i n g  10 m i n u t e s .  D is t i l l a t io n ^ w a s ^  
t h e n  c o m p l e t e ,  a n d  n o  a p p r e c i a b l e  r e s i d u e  w a s  l e f t  a f t e r  t h e  f l a s k  
h a d  b e e n  w a r m e d  w i t h  a  f l a m e .  T h e  d i s t i l l a t e  ( 1 7  g . )  w a s  d i s s o l v e d  
i n  e t h e r ,  a n d  e x t r a c t e d  w i t h  2 0 %  h y d r o c h l o r i c  a c i d .  T h e  a c i d  
s o l u t i o n  w a s  e x t r a c t e d  w i t h  e t h e r ,  a n d  t h e  e t h e r e a l  s o l u t i o n  w i t h  
d i l u t e  h y d r o c h l o r i c  a c i d .  F r o m  t h e  e t h e r e a l  e x t r a c t s  w e r e  o b t a i n e d ,  
a f t e r  d i s t i l l a t i o n ,  8 g .  o f  p u r e  a n i s o l e  ; a n d  f r o m  t h e  a c i d  s o l u t i o n s ,  
a f t e r  t r e a t m e n t  w i t h  a m m o n i u m  h y d r o x i d e ,  e x t r a c t i o n  a n d  d i s t i l l ­
a t i o n ,  8 g .  o f  p u r e  d i m e t h y l a n i l i n e .  T h e  c a l c u l a t e d  r a t i o  o f  a n i s o l e  
t o  b a s e  i s  1 0 7  : 1 2 1 .
Plienyltrimeihylammonium m-4:~Xylyloxide.— E v a p o r a t i o n  o f  t h e  
s o l u t i o n  o b t a i n e d  i n  t h e  u s u a l  m a n n e r  g a v e  a  c o l o u r l e s s  s y r u p ,  
w h i c h  w a s  w a s h e d  w i t h  a b s o l u t e  e t h e r  a n d  k e p t  i n  a  v a c u u m  o v e r  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  a n d  p h o s p h o r i c  o x i d e .  I t  d e c o m p o s e d ,  
i n  a  b a t h  k e p t  a t  1 1 0 ° ,  w i t h o u t  l e a v i n g  a  w e i g h a b l e  r e s i d u e .  F r o m  
21 g .  o f  s y r u p y  x y l y l o x i d e ,  20 g .  o f  d i s t i l l a t e  w e r e  o b t a i n e d ,  a n d  t h i s  
y i e l d e d  1 0  g .  o f  p u r e  m ~xj\jl  m e t h y l  e t h e r ,  b .  p .  1 8 0 — 1 9 0 ° ,  a n d  9  g#  
o f  p u r e  d i m e t h y l a n i l i n e .  T h e  c a l c u l a t e d  r a t i o  o f  e t h e r  t o  b a s e  i s  
1 3 6 :  1 2 1 .
T h e  x y l y l o x i d e  r e a c t e d  v i g o r o u s l y  w i t h  c o l d  m e t h y l  i o d i d e  t o  g i v e  
p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e  a n d  x y l y l  m e t h y l  e t h e r .
Phenyltrimethylammonium ct-Naphthoxide.— T h i s  s u b s t a n c e ,  w h i c h  
w a s  o b t a i n e d  i n  t h e  u s u a l  m a n n e r ,  c r y s t a l l i s e d  w h e n  i t s  c o n c e n t r a t e d  
a l c o h o l i c  s o l u t i o n  w a s  c o o l e d  a n d  l e f t  i n  a  v a c u u m  o v e r  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  a n d  p h o s p h o r i c  o x i d e .  I t  w a s  r e c r y s t a l l i s e d  f r o m  
n i t r o b e n z e n e  o r  f r o m  a c e t o n e ,  f r o m  w h i c h  i t  s e p a r a t e d  i n  w h ite ^  
n e e d l e s  a n d  p l a t e s ,  m .  p .  1 0 7 — 1 0 8 °  ( F o u n d  : N ,  4 - 8 .  C j g H g i O N  
r e q u i r e s  N ,  5 - 0 % ) .  W h e n  t h e  a l c o h o l i c  s o l u t i o n  w a s  a l l o w e d  t o  
c o n c e n t r a t e  s l o w l y  o v e r  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  l a r g e  s q u a r e  
f l a t  p l a t e s  w e r e  o b t a i n e d .
T h e  n a p h t h o x i d e  r e a c t e d  w i t h  c o l d  m e t h y l  i o d i d e ,  a n d  o n  a d d i t i o n  
o f  a l c o h o l  a n d  w a r m i n g ,  t h e  r e a c t i o n  b e c a m e  q u a n t i t a t i v e .  P h e n y l ­
t r i m e t h y l a m m o n i u m  i o d i d e  a n d  a - n a p h t h y l  m e t h y l  e t h e r  w e r e  
i d e n t i f i e d  a s  t h e  s o l e  p r o d u c t s .  D e c o m p o s i t i o n  o f  t h e  n a p h t h o x i d e  
( 1 4  g . )  o c c u r r e d  a t  1 4 0 — 1 5 0 ° ,  a n d  g a v e  1 3  g .  o f  t o t a l  d i s t i l l a t e .  
T h i s ,  a f t e r  t h e  u s u a l  s e p a r a t i o n  p r o c e s s ,  y i e l d e d  5  g .  o f  d i m e t h y l ­
a n i l i n e  a n d  6 g .  o f  a - n a p h t h y l  m e t h y l  e t h e r ,  w h e r e a s  t h e  c a l c u l a t e d  
r a t i o  o f  b a s e  t o  e t h e r  i s  1 2 1  : 1 5 8 .
Phenyldimethylethylammonium  2  : ^-Dinitrophenoxide.— T h i s  s u b ­
s t a n c e  w a s  p r e p a r e d  a s  u s u a l ,  a n d  c r y s t a l l i s e d  f r o m  a l c o h o l - e t h e r  
i n  s m a l l  m u s t a r d - c o l o u r e d  n e e d l e s ,  m .  p .  5 5 — 5 7 °  ( F o u n d  : N ,  1 2 * 6 .  
C i e H i g O g N g  r e q u i r e s  N ,  1 2 - 6 % ) .
T h i s  p h e n o x i d e  i s  n o t  p a r t i c u l a r l y  h y g r o s c o p i c .  I t  d i d  n o t  r e a c t -
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w i t h  m e t h y l  i o d i d e  i n  b o i l i n g  a l c o h o l i c  s o l u t i o n  a f t e r  5  m i n u t e s .  
D e c o m p o s i t i o n  o f  5  g .  o f  t h e  p h e n o x i d e  o c c u r r e d  a t  1 7 0 ° ,  a n d  w a s  
c o m p l e t e  i n  o n e  h o u r .  F r o m  t h e  p r o d u c t s  w e r e  o b t a i n e d  2 * 5  g .  o f  
a c i d - i n s o l u b l e  m a t e r i a l ,  m .  p .  3 9 — 5 0 ° ,  a n d  2  g .  o f  a  m i x t u r e  o f  b a s e s ,  
b .  p .  1 9 0 — 2 0 0 ° .  T h e  a c i d - i n s o l u b l e  m a t e r i a l  w a s  h e a t e d  w i t h  t w i c e  
i t s  w e i g h t  o f  p i p e r i d i n e ,  e x c e s s  o f  20%  h y d r o c h l o r i c  a c i d  w a s  a d d e d ,  
a n d  t h e  p r e c i p i t a t e d  s o l i d  w a s  c o l l e c t e d  ( 3  g . ) .  I t  m e l t e d  a t  9 1 — 9 4 °  
a n d  w a s  a l m o s t  p u r e  2  : 4 - d i n i t r o p h e n y l p i p e r i d i n e .  T h e  f i l t r a t e  
c o n t a i n e d  b o t h  m e t h y l  a n d  e t h y l  a l c o h o l .  T h e  m i x t u r e  o f  b a s e s  
w a s  s u b m i t t e d  t o  m i c r o - d i s t i l l a t i o n  ; t h e  l o w e r - b o i l i n g  f r a c t i o n  w a s  
c o n v e r t e d  i n t o  t h e  c h l o r o p l a t i n a t e  ( F o u n d  : F t ,  2 9 * 6 .  C a l c ,  f o r  t h e  
c h l o r o p l a t i n a t e  o f  d i m e t h y l a n i l i n e  : F t ,  2 9 - 9 % ) .  T h e  h i g h e r -
b o i l i n g  f r a c t i o n  w a s  c o n v e r t e d  i n t o  t h e  m e t h i o d i d e ,  w h i c h  m e l t e d  
a t  1 3 3 — 1 3 6 ° ,  a n d  a t  1 3 2 — 1 3 4 °  w h e n  m i x e d  w i t h  p h e n y l d i m e t h y l ­
e t h y l a m m o n i u m  i o d i d e  ( m .  p .  1 3 2 — 1 3 3 ° ) ,  b u t  a t  b e l o w  1 1 5 °  w h e n  
m i x e d  w i t h  p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e .  D i m e t h y l -  a n d  
m e t h y l e t h y l - a n i l i n e  w e r e  t h e r e f o r e  b o t h  f o r m e d  i n  t h e  a b o v e  d e c o m ­
p o s i t i o n ,  t o g e t h e r  w i t h  d i n i t r o a n i s o l e  a n d  d i n i t r o p h e n e t o l e .
Phenylbenzyldimethylammonium o - Nitrophenoxide.— T h i s  s u b ­
s t a n c e  c r y s t a l l i s e d  i n  v e r m i l i o n  n e e d l e s  w h e n  d r y  e t h e r  w a s  a d d e d  t o  
t h e  c o n c e n t r a t e d  a l c o h o l i c  s o l u t i o n ,  a n d  h a d  m .  p .  9 1 — 9 2 °  ( F o u n d  : 
N ,  8 0 5 .  C 42H 22O 3N 2 r e q u i r e s  N ,  8 - 0 % ) .
D e c o m p o s i t i o n  o f  12 g .  o f  t h e  p h e n o x i d e  o c c u r r e d  a t  1 5 5 — 1 6 5 ° ,  a n d  
g a v e  a  m i x t u r e  o f  p r o d u c t s ,  b .  p .  9 2 — 2 2 0 ° / 2 8  m m . ,  c o n s i s t i n g  o f  
4  g .  o f  d i m e t h y l a n i l i n e  a n d  7 * 5  g .  o f  b e n z y l  o - n i t r o p h e n y l  e t h e r .  
T h e  c a l c u l a t e d  r a t i o  o f  b a s e  t o  e t h e r  i s  1 2 1  : 2 2 9 .
Phenylbenzyldimethylammonium  2 : 4,-dinitrophenoxide c r y s t a l l i s e d  
f r o m  a l c o h o l - e t h e r  i n  f e r n - l i k e  a g g r e g a t e s  o f  m u s t a r d - c o l o u r e d  
n e e d l e s ,  m .  p .  1 3 8 — 1 3 8 * 5 °  ( F o u n d  : N ,  1 0 * 5 . C 21H 21O 5N 3 r e q u i r e s  
N ,  10*6% ) .  I t  i s  n o t  h y g r o s c o p i c .
F h e n y l b e n z y l d i m e t h y l a m m o n i u m  m - 4 - x y l y l o x i d e  w a s  n o t  o b t a i n e d  
c r y s t a l l i n e ,  b u t  w a s  f r e e d  f r o m  i m p u r i t i e s  b y  e x t r a c t i o n  w i t h  a b s o l u t e  
a l c o h o l  a n d  a n h y d r o u s  e t h e r .  A f t e r  b e i n g  l e f t  i n  a  v a c u u m  o v e r  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  a n d  p h o s p h o r i c  o x i d e ,  i t  w a s  d e c o m p o s e d .  
D e c o m p o s i t i o n  w a s  n o t  m a r k e d  b e l o w  1 4 5 — 1 5 0 ° ,  a n d  w a s  e f f e c t e d  
a t  1 7 5 — 1 8 5 ° .  T h e  p o r t i o n  o f  t h e  p r o d u c t  w h i c h  w a s  s o l u b l e  i n  a c i d  
w a s  p u r e  d i m e t h y l a n i l i n e .  N o  b e n z y l m e t h y l a n i l i n e  w a s  p r e s e n t .  
T h e  a c i d - i n s o l u b l e  p r o d u c t  w a s  b e n z y l  x y l y l  e t h e r .
Phenyltrimethylammonium Thiophenoxide.— W T ie n  t h e  a q u e o u s -  
a l c o h o l i c  s o l u t i o n  o f  t h e  q u a t e r n a r y  h y d r o x i d e  a n d  t h i o p h e n o l  w a s  
c o n c e n t r a t e d ,  t h e  thiophenoxide c r y s t a l l i s e d .  I t  w a s  r e c r y s t a l l i s e d  
b y  a d d i t i o n  o f  e t h e r  t o  a n  a l c o h o l i c  s o l u t i o n ,  a n d  f o r m e d  w h i t e  
p l a t e s ,  m .  p .  8 3 — 8 3 * 5 °  ( F o u n d  : N ,  5 * 7 . C 14H 19N S  r e q u i r e s  N ,  
5 * 7 % ) .  I t  i s  n o t  h y g r o s c o p i c .  E t h y l  i o d i d e  r e a c t e d  v i g o r o u s l y
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w i t h  i t  i n  t h e  c o l d ,  p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e ,  m .  p .  2 2 7 —  
2 2 8 ° ,  b e i n g  f o r m e d .
D e c o m p o s i t i o n  o f  t h e  t h i o p h e n o x i d e  ( 2 0  g . )  t o o k  p l a c e  a t  1 2 5 ° .  
W i t h i n  5  m i n u t e s ,  1 8  g .  o f  l i q u i d  d i s t i l l e d  a t  8 0 — 8 5 ° / 1 4  m m .  T h i s ,  
a f t e r  s e p a r a t i o n ,  g a v e  8 * 5  g .  o f  t h i o a n i s o l e  a n d  8 g .  o f  d i m e t h y l ­
a n i l i n e ,  w h e r e a s  t h e s e  t w o  s h o u l d  h a v e  b e e n  f o r m e d  i n  t h e  p r o p o r t i o n  
o f  1 2 4  : 1 2 1 .
Phenyltrimethylarsonium Thiophenoxide.— W e  f i r s t  a t t e m p t e d  t o  
p r e p a r e  t h i s  s u b s t a n c e  b y  h e a t i n g  s i l v e r  t h i o p h e n o x i d e  w i t h  a n  
a l c o h o l i c  s o l u t i o n  o f  p h e n y l t r i m e t h y l a r s o n i u m  i o d i d e ,  b u t  a f t e r  
s e v e r a l  h o u r s ’ b o i l i n g ,  t h e  l a t t e r  w a s  r e c o v e r e d  a l m o s t  u n c h a n g e d .  
B y  e v a p o r a t i o n  o f  t h e  q u a t e r n a r y  h y d r o x i d e  w i t h  t h i o p h e n o l ,  t h e  
thiophenoxide w a s  r e a d i l y  o b t a i n e d  ; i t  c r y s t a l l i s e d  f r o m  a l c o h o l  o n  
a d d i t i o n  o f  e t h e r  i n  w h i t e  l e a f l e t s ,  m . p .  1 4 4 — 1 4 5 ° ,  a n d  w a s  s o l u b l e  
i n  w a t e r  o r  a l c o h o l ,  b u t  i n s o l u b l e  i n  e t h e r  ( F o u n d  : S ,  1 0 * 5 .
C j g H i g S A s  r e q u i r e s  S ,  1 0 * 5 % ) .
A l t h o u g h  t h e  p h e n y l d i m e t h y l a r s i n e  r e q u i r e d  f o r  t h e  p r e p a r a t i o n  
o f  p h e n y l t r i m e t h y l a r s o n i u m  i o d i d e  i s  v e r y  r e a d i l y  o b t a i n e d  f r o m  
d i m e t h y l i o d o a r s i n e  ( B u r r o w s  a n d  T u r n e r ,  J . ,  1 9 2 0 ,  1 1 7 ,  1 3 7 8 ) ,  w e  
d e s i r e d  t o  p r e p a r e  i t  f r o m  p h e n y l d i c h l o r o a r s i n e .  W i n m i l l  ( J . ,  1 9 1 2 ,  
1 0 1 ,  7 2 3 )  t r e a t e d  t h i s  s u b s t a n c e  w i t h  m a g n e s i u m  m e t h y l  i o d i d e  i n  a  
m i x t u r e  o f  e t h e r  a n d  l i g h t  p e t r o l e u m  ( b .  p .  3 0 — 4 0 ° )  a n d  o b t a i n e d  a  
7 5 %  y i e l d .  W e  f i n d  t h a t  h i g h e r - b o i l i n g  p e t r o l e u m  ( b .  p .  6 0 — 8 0 ° )  
c a n  b e  u s e d ,  a n d  t h a t  i f  4  m o l e c u l a r  p r o p o r t i o n s  o f  G r i g n a r d  r e a g e n t  
a r e  t a k e n ,  t h e  y i e l d  o f  p u r e  p h e n y l d i m e t h y l a r s i n e  i s  o v e r  9 0 % ,  e v e n  
i n  s m a l l  p r e p a r a t i o n s .  S t a r t i n g  w i t h  22 g .  o f  p h e n y l d i c h l o r o a r s i n e ,  
i t  i s  t h u s  p o s s i b l e  t o  o b t a i n  2 7 — 2 8  g .  o f  t h e  q u a t e r n a r y  a r s o n i u m  
i o d i d e .
T h e  t h i o p h e n o x i d e  ( 1 5  g . )  b e g a n  t o  d e c o m p o s e  a t  1 6 0 ° ,  a n d ,  a p a r t  
f r o m  a  l i t t l e  s u b l i m a t i o n ,  w a s  c o m p l e t e l y  c o n v e r t e d  i n  10 m i n u t e s  
i n t o  a  m i x t u r e ,  b .  p .  7 1 — 7 2 ° / l l  m m . ,  o f  p h e n y l d i m e t h y l a r s i n e  a n d  
t h i o a n i s o l e  (1 4 * 5  g . ) .  5  G . o f  t h i s  w e r e  d i s s o l v e d  i n  a b s o l u t e  a l c o h o l ,
m e t h y l  i o d i d e  w a s  a d d e d ,  a n d  t h e  m i x t u r e  w a s  l e f t  f o r  3 h o u r s .  
A b s o l u t e  e t h e r  w a s  a d d e d ,  a n d  t h e  p r e c i p i t a t e d  p h e n y l t r i m e t h y l ­
a r s o n i u m  i o d i d e  w a s  d r i e d  a t  100° (6 g . ,  c o r r e s p o n d i n g  t o  2*8 g .  o f  
p h e n y l d i m e t h y l a r s i n e ) .
O u r  t h a n k s  a r e  d u e  t o  t h e  R o y a l  S o c i e t y  f o r  a  g r a n t  i n  a i d  o f  t h i s  
i n v e s t i g a t i o n ,  a n d  t o  t h e  D e p a r t m e n t  o f  S c i e n t i f i c  a n d  I n d u s t r i a l  
R e s e a r c h  f o r  a  m a i n t e n a n c e  g r a n t  t o  o n e  o f  u s .
B e d f o r d  C o l l e g e ,
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CXIV.— The Scission of D iaryl Ethers and Related 
Compounds by Means of Piperidine. Part I I I .  
The Nitration of 2 : 4k-Dibromo-2' : 4i'-dinitrodi- 
phenyl Ether and of 2 : 4:-Dibromophenyl p- 
Toluenesulphonate and Benzoate. The Chlorination 
and Bromination of m-Nitrophenol.
B y  R o salin d  V en e tia  H e n le y  and E u stace  E benezee
Tubnee.
I n  c o n t i n u a t i o n  o f  p r e v i o u s  w o r k  ( P a r t  I I ,  J . ,  1 9 2 9 ,  5 1 2 ) ,  t h e  
n i t r a t i o n  o f  2 : i-dibromophenyl p-toluenesulphonate h a s  b e e n  i n ­
v e s t i g a t e d .  T h e  s o l e  p r o d u c t  o f  d i n i t r a t i o n  w a s  2  : é-dibromo-
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6~nitroplienyl o-nitro-^-toluenesulphoriate (I), the constitution of 
which was established by its conversion successively into 2 : 4-di-
NO2  NO2  Br Br NO2
Br(22) 0'802<[2 ^M e Br<^^^OH
(I.) (II.) (III.)
bromo-^-aminoplienyl o-amino-^-toluenesuljphonate and 2 : 4 : 5-/ri- 
hromophenyl o-hromo-^~tolmnesulpho7iate (II). The latter substance 
was converted by piperidine at 100° into 2 : 4 :  5-tribromophenol, 
identical with the product obtained by the replacement of the 
amino-group by hydroxyl in 2 : 4 : 5-tribromoaniline.
When 2 : 4-dibromo-5-nitrophenyl o-nitro-p-toluenesulphonate 
was heated with piperidine, there were formed I-o-nitro-p-toluene- 
sulphonylpiperidine and 2 : é ‘dibromo-5-nitrophenol (III), the con­
stitution of which is determined by that of the above tribromo- 
phenol. After crystallisation from light petroleum, with sub­
sequent normal drying, the dibromonitrophenol melted at 77—78°, 
and an identical product was obtained by nitrating 2 : 4-dibromo- 
phenyl benzoate, followed by hydrolysis. It seemed probable that 
the compound obtained by Garzino (A tti R , Accad, Sci, Torino, 
1889, 25, 250) by nitrating 2 : 4-dibromophenyl propionate should 
also be 2 : 4-dibromo-5-nitrophenol, but he gave the m. p. as 90— 
91°. Crystallisation of our compound from dilute acetone gave a 
monohydrate, m. p. 92—94°, which is probably the product obtained 
by Garzino.
Another dibromonitrophenol, m. p. 91°, was described by Lindner 
(Ber., 1885,18, 612) as resulting from the dibromination of m-nitro- 
phenol, and in Beilstein’s “ Handbuch ” (4th Edn., Vol. VI, 246, 
248) it is suggested that this compound is possibly identical with 
Garzino’s dibromonitrophenol. In view of the fact (Part II) that 
w-nitrophenol is dichlorinated in the 2- and 4-positions, it at first 
seemed unlikely that the dibromination would proceed so differently, 
and we have accordingly investigated the bromination of m-nitro- 
phenol afresh.
Attempts to prepare the dibromo-compound according to 
Lindner’s directions did not yield any chemically pure substance. 
When, however, bromine, diluted with carbon dioxide, was passed 
through w-nitrophenol at 120—140°, until the latter acquired the 
correct increase in weight, and the product was worked up exactly 
in accordance with Lindner’s instructions, material was obtained 
which behaved as regards crystallisation as an individual, melted at 
82—98°, and appeared to be a mixture of 4-bromo- and 2 : 4 : 6 -  
tribromo-3-nitrophenol.
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W h e n  a n  a t t e m p t  w a s  m a d e  t o  d i b r o m i n a t e  m - n i t r o p h e n o l  i n  
g l a c i a l  a c e t i c  a c i d  i n  p r e s e n c e  o f  a n h y d r o u s  s o d i u m  a c e t a t e ,  t h e  
t r i b r o m o - c o m p o u n d ,  m .  p .  8 9 — 9 0 ° ,  w a s  a l o n e  ' i s o l a t e d .  T h i s  
s u b s t a n c e ,  m .  p .  8 5 ° ,  w a s  o b t a i n e d  b y  L i n d n e r  {loc, cit.) b y  b r o m i n -  
a t i n g  m - n i t r o p h e n o l ,  a n d  b y  D a c c o m o  (Ber., 1 8 8 5 ,  18, 1 1 6 7 )  b y  
n i t r a t i n g  2 : 4 :  6- t r i b r o m o p h e n y l  b e n z o a t e .  I t s  c o n s t i t u t i o n  h a s  
n o w  b e e n  d e f i n i t e l y  p r o v e d  b y  c o n v e r t i n g  i t  i n  s t a g e s  i n t o  2  : 3  : 4  : 6 - 
t e t r a b r o m o p h e n o l .  M o n o b r o m i n a t i o n  o f  4 - b r o m o - 3 - n i t r o p h e n o l  a l s o  
f a i l e d  t o  g i v e  a  d i b r o m o - 3 - n i t r o p h e n o l .
I n  p r e p a r i n g  t h e  m o n o b r o m o - d e r i v a t i v e s  o f  ? n - n i t r o p h e n o l ,  w e  
a g a i n  e n c o u n t e r e d  c o n f l i c t i n g  r e s u l t s .  P f a f f  (Ber., 1 8 8 3 ,  17, 6 1 2 )  
t r e a t e d  7w - n i t r o p h e n o l  w i t h  b r o m i n e  i n  t h e  c o l d ,  a n d  d e s c r i b e d  h i s  
m o n o b r o m o - c o m p o u n d  a s  b r i g h t  y e l l o w  n e e d l e s  m e l t i n g  a t  110° .  
L i n d n e r  (loc. cit.) a n d  S c h l i e p e r  (Ber., 1 8 9 2 ,  2 5 ,  5 5 2 ) ,  u s i n g  s i m i l a r  
m e t h o d s ,  o b t a i n e d  w h a t  t h e y  t o o k  t o  b e  P f a f f ’s  s u b s t a n c e ,  b u t  t h e y  
g a v e  t h e  m .  p .  a s  1 4 7 — 1 4 8 ° .  S c h l i e p e r  (Ber., 1 8 9 3 ,  2 6 ,  2 4 6 9 )  
r e g a r d e d  t h i s  s u b s t a n c e  a s  2 - b r o m o - 3 - n i t r o p h e n o l , s i n c e  h e  h a d  
o b t a i n e d  t h e  f o l l o w i n g  e v i d e n c e  t h a t  t h e  a n a l o g o u s  c h l o r o - c o m p o u n d  
w a s  2 - c h l o r o - 3 - n i t r o p h e n o l  ( I V )  : t h e  c h l o r o - c o m p o u n d  w a s  m e t h y l ­
a t e d ,  a n d  t h e  e t h e r  r e d u c e d  a n d  t h e n  d e a m i n a t e d .  T h e  p r o d u c t  
o b t a i n e d  w a s  t h o u g h t  b y  S c h l i e p e r  t o  b e  o - c h l o r o a n i s o l e  f o r  t w o  
r e a s o n s  : ( 1) i t  h a d  t h e  c o r r e c t  b .  p . ,  a n d  (2 ) n i t r a t i o n  g a v e  a  c h l o r o -  
n i t r o a n i s o l e ,  m .  p .  9 3 — 9 4 ° ,  w h i c h  h e  t o o k  t o  b e  ( V ) ,  b e c a u s e  a  
s u b s t a n c e  h a v i n g  t h i s  c o n s t i t u t i o n  a n d  t h i s  m .  p .  h a d  b e e n  d e s c r i b e d  
b y  F i s c h l i  (Ber., 1 8 7 8 ,  11, 1 4 6 3 ) .  I t  s e e m e d  p o s s i b l e ,  h o w e v e r ,  
t h a t  S c h l i e p e r ’s  c h l o r o n i t r o p h e n o l  w a s  t h e  4 - c o m p o u n d ,  i n  w h i c h
O H  O M e  . O M ecso. ( T  ( r -
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c a s e  h i s  c h l o r o n i t r o a n i s o l e  w o u l d  b e  ( V I ) ,  w h i c h  m e l t s  a t  9 7  5°  
( P e v e r d i n ,  Ber., 1 8 9 3 ,  2 6 ,  1 6 8 9 ) .
W e  h a v e  f o u n d  t h a t  t h e  m o n o b r o m i n a t i o n  o f  m - n i t r o p h e n o l  a t  
1 2 0 — 1 4 0 °  ( t h e  l o w e s t  t e m p e r a t u r e  a t  w h i c h  b r o m i n a t i o n  i s  p r a c t i c ­
a b l e )  g i v e s  a  m i x t u r e  o f  p r o d u c t s ,  a t  l e a s t  5 0 %  o f  w h i c h  i s  4 - b r o m o -
3 - n i t r o p h e n o l ,  m .  p .  1 4 6 * 5 — 1 4 7 * 5 ° ,  t h e  c o n s t i t u t i o n  o f  w h i c h  h a s  
b e e n  e s t a b l i s h e d  b y  i t s  s y n t h e s i s  f r o m  O V - d i a c e t y l - 3 - n i t r o - p - a m i n o -  
p h e n o l .  S c h l i e p e r ’s  s u p p o s e d  2 - b r o m o - c o m p o u n d  i s  t h e r e f o r e
4 - b r o m o - 3 - n i t r o p h e n o l ,  w h i c h  s u b s t a n c e  h a s  i n d e e d  a l r e a d y  b e e n  
p r e p a r e d  ( H e l l e r  a n d  K a m m a n n ,  Ber., 1 9 0 9 ,  4 2 ,  2 1 7 9 )  f r o m  3 - n i t r o -  
p - a m i n o p h e n o l .
M o n o b r o m i n a t i o n  o f  m - n i t r o p h e n o l  i n  g l a c i a l  a c e t i c  a c i d  i n
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p r e s e n c e  o f  s o d i u m  a c e t a t e  g a v e  i n d e f i n i t e  r e s u l t s ,  b u t  i n  a b s e n c e s  
o f  s o d i u m  a c e t a t e  t h e  p r o d u c t  w a s  a  m o n o b r o m o - c o m p o u n d ,  m .  p .  
1 1 8 * 5 — 1 2 1 ° .  T h i s  w e  a t  f i r s t  t h o u g h t  t o  b e  2 - b r o m o - 3 - n i t r o p h e n o l ,  
a n d  i n  o r d e r  t o  p r o v e  i t s  c o n s t i t u t i o n ,  w e  c o n v e r t e d  i t  i n t o  t h e  
p-toluenesulphonyl d e r i v a t i v e ,  r e d u c e d  t h e  l a t t e r ,  a n d  r e p l a c e d  t h e  
a m i n o - g r o u p  b y  b r o m i n e .  D u r i n g  t h e  l a s t  s t a g e ,  t h e  p - t o l u e n e -  
s u l p h o n y l  g r o u p  w a s  r e m o v e d  b y  h y d r o l y s i s  a n d  a  d i b r o m o p h e n o l ,  
m .  p .  7 3 — 7 4 ° ,  w a s  f o r m e d .  A t  t h e  s a m e  t i m e  w e  p e r f o r m e d  a n  
a n a l o g o u s  s y n t h e s i s ,  s t a r t i n g  f r o m  3 - b r o m o -2 - n i t r o p h e n o l .  T h e^  
d i b r o m o p h e n o l  o b t a i n e d  i n  t h e  s e c o n d  s y n t h e s i s  m e l t e d  a t  6 8 — 6 9 ° ,  
w a s  d i f f e r e n t  f r o m  t h e  f i r s t ,  a n d  w a s  c l e a r l y  t h e  h i t h e r t o  u n k n o w n  
2  : ^-dibromophenol. I t  t h e r e f o r e  s e e m e d  c e r t a i n  t h a t  t h e  i s o m e r i c  
c o m p o u n d  w a s  2  : 5-dibromophenol, B a i f o r d  a n d  B r e n  ( J .  Amer, 
Chem. Soc., 1 9 2 9 ,  5 1 ,  2 5 3 9 )  r e c e n t l y  a t t e m p t e d  t h e  p r e p a r a t i o n  o f  
t h i s  s u b s t a n c e  f r o m  2 : 5 - d i b r o m o a n i l i n e .  I t  h a s  n o w  b e e n  o b t a i n e d  
i n  e x c e l l e n t  y i e l d  b y  a p p l y i n g  t h e  m e t h o d  o f  N o e l t i n g  a n d  K o p p  
(Ber., 1 9 0 5 ,  3 8 ,  3 5 0 6 )  t o  t h i s  b a s e ,  a n d  w a s  f o u n d  t o  b e  i d e n t i c a l  
w i t h  t h e  p r o d u c t  f r o m  t h e  b r o m o - 3 - n i t r o p h e n o l ,  w h i c h  i s  t h e r e f o r e  
t h e  6 - d e r i v a t i v e  ( 2 - b r o m o - 5 - n i t r o p h e n o l )  a l r e a d y  d e s c r i b e d  b y  
H e l l e r  a n d  K a m m a n n  (loc. cit.), w h o  o b t a i n e d  i t  f r o m  5 - n i t r o -
2 - a m i n o p h e n o l .
A l t h o u g h  i t  h a s  a l r e a d y  b e e n  s h o w n  ( P a r t  I I )  t h a t  m - n i t r o p h e n o l  
i s  r e a d i l y  c o n v e r t e d  i n t o  2  : 4 - d i c h l o r o - 3 - n i t r o p h e n o l ,  t h e  a b o v e  
r e s u l t s  m a d e  i t  d e s i r a b l e  t o  i n v e s t i g a t e  t h e  m o n o c h l o r i n a t i o n .  
S c h l i e p e r  (Ber., 1 8 9 3 ,  2 6 ,  2 4 6 6 ) ,  b y  d i r e c t  c h l o r i n a t i o n  o f  m - n i t r o -  
p h e n o l ,  o b t a i n e d  a  c o m p o u n d ,  m .  p .  120° ,  w h i c h ,  a s  i s  s h o w n  a b o v e ,  
m a y  b e  e i t h e r  t h e  2 -  o r  t h e  4 - c h l o r o - c o m p o u n d .  M e l d o l a  a n d  
E y r e  ( J . ,  1 9 0 2 ,  8 1 ,  9 9 6 )  a g r e e d  w i t h  S c h l i e p e r ’s  c o n c l u s i o n  t h a t  
t h i s  w a s  t h e  2 - c h l o r o - c o m p o u n d  ; t h e y  o b t a i n e d  4 - c h l o r o - 3 - n i t r o -  
p h e n o l ,  m .  p .  1 2 6 — 1 2 7 ° ,  b y  s y n t h e s i s  f r o m  3- n i t r o - p - a m i n o p h e n o I .
W e  f i n d  t h a t  m o n o c h l o r i n a t i o n  o f  m - n i t r o p h e n o l  a t  1 2 0 — 1 4 0 °  
g i v e s  a p p r o x i m a t e l y  e q u a l  a m o u n t s  o f  4 - c h l o r o - 3 - n i t r o p h e n o l  ( A ) ,  
m .  p .  1 2 7 — 1 2 8 ° ,  a n d  2 - c h l o r o - 3 - n i t r o p h e n o l  ( B ) ,  m .  p .  1 2 0 ° .  A  
w a s  i d e n t i c a l  w i t h  a  s p e c i m e n  p r e p a r e d  f r o m  O A - d i a c e t y l - 3 - n i t r o -  
p - a m i n o p h e n o l ,  a n d  t h e  c o n s t i t u t i o n  o f  B  f o l l o w s  f r o m  t w o  f a c t s  :
( 1) d i c h l o r i n a t i o n  o f  m - n i t r o p h e n o l  u n d e r  s i m i l a r  c o n d i t i o n s  g i v e s  
t h e  2 : 4 - d i c h l o r o - c o m p o u n d  i n  g o o d  y i e l d ,  a n d  (2 ) r e d u c t i o n  o f  
B ,  f o l l o w e d  b y  r e p l a c e m e n t  o f  t h e  a m i n o - g r o u p  b y  c h l o r i n e ,  g i v e s  
2 : 3- d i c h l o r o p h e n o l .  A l t h o u g h  t h e  f i r s t  o f  t h e s e  a p p e a r s  t o  b e  
s u f f i c i e n t  p r o o f ,  i t  w a s  d e s i r e d  t o  p r o v e  b e y o n d  d o u b t  t h a t  B  w a s  
n o t  6 - c h l o r o - 3 - n i t r o p h e n o l  ( m .  p .  1 1 8 — 1 1 9 ° ;  p r e p a r e d  s y n t h e t i c a l l y  
b y  M e l d o l a ,  W o o l c o t t ,  a n d  W r a y ,  J . ,  1 8 9 6 ,  6 9 ,  1 3 2 2 ) .
I t  i s  t h e r e f o r e  p o s s i b l e  t h a t ,  i n  t h i s  c a s e ,  S c h l i e p e r  a c t u a l l y  h a d  a .
2 - c h l o r o - c o m p o u n d ,  b u t  i t  i s  d i f f i c u l t  t o  b e l i e v e  t h i s ,  s i n c e  t h e
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4 - c h l o r o - c o m p o u n d ,  w h i c h  w a s  p r e s u m a b l y  p r e s e n t ,  i s  s o  r e a d i l y  
i s o l a t e d .
W e  h a v e  n o t  i n v e s t i g a t e d  t h e  i o d i n a t i o n  o f  m - n i t r o p h e n o l ,  a s  
t h e  s t a t e m e n t s  i n  t h e  l i t e r a t u r e  s e e m  t o  b e  a c c u r a t e .  S c h l i e p e r  
( 1 8 9 3 ,  loc. cit.) d e s c r i b e d  t h e  m o n o i o d o - c o m p o u n d  a s  t h e  2 - i o d o -  
d e r i v a t i v e ,  m .  p .  1 3 4 ° ,  a n d  D a t t a  a n d  P r o s a d  ( J .  Amer. Chem. Soc., 
1 9 1 7 ,  3 9 ,  4 4 1 )  s t a t e  t h a t  i o d i n a t i o n  i n  t h e  2 - p o s i t i o n  p r o c e e d s  
q u a n t i t a t i v e l y .  T h e r e  s e e m s  l i t t l e  d o u b t  t h a t  t h i s  s u b s t a n c e  i s  
d i f f e r e n t  f r o m  t h e  4 -  a n d  t h e  6- i o d o - d e r i v a t i v e ,  m .  p .  1 5 6 °  a n d  1 4 6 —  
1 4 7 °  r e s p e c t i v e l y  ( H a h l e ,  J . pr. Chem., 1 8 9 1 ,  4 3 ,  7 2 ;  M e l d o l a  a n d  
E y r e ,  P . ,  1 9 0 1 ,  2 3 8 ) .
I n  e n d e a v o u r i n g  t o  p r e p a r e  4 - b r o m o - 3 - n i t r o p h e n o l  b y  a  d i f f e r e n t  
m e t h o d ,  w e  n i t r a t e d  '^-p-bromophenylphthalimide i n  p r e s e n c e  o f  
e x c e s s  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  e x p e c t i n g  t o  o b t a i n  a  c o n ­
s i d e r a b l e  p r o p o r t i o n  o f  t h e  m - n i t r o - d e r i v a t i v e  ( c o m p a r e  B r a d y ,  
Q u i c k ,  a n d  W e l l i n g ,  J . ,  1 9 2 5 ,  1 2 7 ,  2 2 6 4 ) .  T h e  m a i n  p r o d u c t ,  
h o w e v e r ,  w a s  t h e  o  - n i  t r o  - d e r i v a t i v e . T h i s  r e s u l t  i s  i n t e r e s t i n g ,  
s i n c e  n i t r a t i o n  o f  p - b r o m o a n i l i n e  i n  p r e s e n c e  o f  e x c e s s  o f  s u l p h u r i c  
a c i d  g i v e s  a l m o s t  e n t i r e l y  t h e  m - n i t r o - c o m p o u n d  ( N o e l t i n g  a n d  
C o l l i n ,  Ber., 1 8 8 4 , 1 7 ,  2 6 1 )  ( s e e  E x p e r i m e n t a l ) .
T h e  n i t r a t i o n  o f  2 : 4 - d i b r o m o - 2 '  : 4 ' - d i n i t r o d i p h e n y l  e t h e r  p r o ­
c e e d s  s i m i l a r l y  t o  t h a t  o f  t h e  a n a l o g o u s  d i c h l o r o - c o m p o u n d  a n d  
g i v e s  2  : 4:-dibromo-5 : 2' : 4:'-trinitrodiphenyl ether. T h i s  e t h e r  
r e a d i l y  u n d e r g o e s  s c i s s i o n  b y  p i p e r i d i n e  i n t o  2 : 4 - d i b r o m o - 5 - n i t r o -  
p h e n o l  a n d  N-2' : 4 ' - d i n i t r o p h e n y l p i p e r i d i n e .
E x p e r i m e n t a l .
2  : 4,-Dibromophenyl p-tolueneaulphonate, r e a d i l y  o b t a i n e d  b y  
t h e  u s u a l  t y p e  o f  p r o c e s s ,  c r y s t a l l i s e d  f r o m  g l a c i a l  a c e t i c  a c i d  i n  
c o l o u r l e s s  p l a t e s ,  m .  p .  1 2 0 °  ( F o u n d  : B r ,  3 9 * 8 .  C ig H ^ g O g B r g S  
r e q u i r e s  B r ,  3 9 * 4 % ) .
Dinitration of 2  : 4c-Dibromophenyl p-Toluenesulphonate.— T h e  
c o m p o u n d  w a s  a d d e d  t o  1 0  p a r t s  o f  n i t r i c  a c i d  {d 1 * 5 ) ,  t h e  r e s u l t i n g  
s o l u t i o n  b e i n g  l e f t  f o r  a n  h o u r  a n d  t h e n  p o u r e d  i n t o  a  l a r g e  b u l k  o f  
w a t e r .  F i l t r a t i o n ,  f o l l o w e d  b y  c r y s t a l l i s a t i o n  f r o m  g l a c i a l  a c e t i c  
R c i d ,  g a v e  2  : 4c-dibromo-o-nitrophenyl o-nitro-p4oluenesulphonate 
i n  p a l e  g r e e n i s h - y e l l o w  l e a f l e t s ,  m .  p .  1 2 2 — 1 2 3 °  ( F o u n d  : B r ,  3 2 * 6 .  
C j g H g O ^ N g B r g S  r e q u i r e s  B r ,  3 2 * 3 % ) .
2  : 4,-Dibromo-5-nitrophenol.— T h e  l a s t - m e n t i o n e d  c o m p o u n d  w a s  
h e a t e d  f o r  1 h o u r  a t  1 0 0 °  w i t h  2 p a r t s  o f  p i p e r i d i n e .  N o  p i p e r i d i n e  
h y d r o b r o m i d e  s e p a r a t e d .  E x c e s s  o f  d i l u t e  a l k a l i  w a s  a d d e d ,  a n d  
t h e  s o l u t i o n  s h a k e n  w i t h  b e n z e n e ;  t h i s  e x t r a c t e d  t h e  1- o - n i t r o -  
y - t o l u e n e s u l p h o n y l p i p e r i d i n e ,  b u t ,  c o n t r a r y  t o  e x p e c t a t i o n ,  i t  a l s o  
e x t r a c t e d  t h e  p i p e r i d i n e  s a l t  o f  t h e  p h e n o l .  I t  w a s  t h e r e f o r e  s h a k e n
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w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  a n d  t h e n  w i t h  a l k a l i .  A c i d i f i c a t i o n  
o f  t h e  a l k a h n e  s o l u t i o n  p r e c i p i t a t e d  2 : 4i-dihromo-6-nitrophenol, 
T h i s  c r y s t a l l i s e d  f r o m  l i g h t  p e t r o l e u m  ( b .  p .  8 0 — 1 0 0 ° )  i n  l o n g  y e l l o w  
n e e d l e s ,  m .  p .  ( a f t e r  b e i n g  d r i e d  o v e r - n i g h t  i n  a  v a c u u m  o v e r  c o n ­
c e n t r a t e d  s u l p h u r i c  a c i d )  7 7 — 7 8 °  ( F o u n d  : B r ,  5 3 * 5 .  C g H g O g N B r g  
r e q u i r e s  B r ,  5 3 - 9 % ) ,  a n d  f r o m  v e r y  d i l u t e  a c e t o n e  a s  t h e  hydrate, 
C g H g O g N B r g j H g O ,  i n  l o n g  y e l l o w  n e e d l e s ,  m .  p .  9 2 — 9 4 °  ( w i t h  
p r e v i o u s  s o f t e n i n g ) ,  t h e  m .  p .  d e p e n d i n g  o n  t h e  r a t e  o f  h e a t i n g  
( 0 * 5 2 3 6  g .  l o s t  0 * 0 3 0 9  g .  i n  1 4  d a y s  i n  a  v a c u u m  o v e r  p h o s p h o r i c  
o x i d e .  L o s s  o f  I H g O  r e q u i r e s  0 * 0 2 9 9  g .  T h e  s p e c i a l l y  d r y  m a t e r i a l  
s o  o b t a i n e d  m e l t e d  a t  8 4 — 8 6 ° ) .
2 : 4c-Dibromo-5-aminophenyl o-Am ino-p-toluenesulphonate .—  
T h e  c o r r e s p o n d i n g  d i n i t r o - c o m p o u n d  w a s  a d d e d  w i t h  s h a k i n g  t o  a  
h o t  s o l u t i o n  o f  s t a n n o u s  c h l o r i d e  (1 * 5  t i m e s  t h e  c a l c u l a t e d  q u a n t i t y )  
i n  a  m i x t u r e  o f  g l a c i a l  a c e t i c  a c i d  a n d  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d .  A f t e r  t h e  m i x t u r e  h a d  b e e n  h e a t e d  a t  100° f o r  a  f e w  m i n u t e s ,  
v i g o r o u s  r e d u c t i o n  s e t  i n ,  a n d  w a s  a l l o w e d  t o  b e c o m e  c o m p l e t e  
d u r i n g  a n  h o u r  a t  1 0 0 ° .  T h e  r e s u l t i n g  s o l u t i o n  w a s  p o u r e d  i n t o  
e x c e s s  o f  20%  p o t a s s i u m  h y d r o x i d e  s o l u t i o n ,  a n d  t h e  s u s p e n s i o n  
w a s  c o o l e d  a n d  f i l t e r e d  ( a s b e s t o s ) . T h e  w a s h e d  a n d  d r i e d  p r e c i p i t a t e  
c r y s t a l l i s e d  f r o m  d i l u t e  a c e t o n e  i n  c o l o u r l e s s  l e a f l e t s ,  m .  p .  1 7 4 —  
1 7 5 °  ( F o u n d  : B r ,  3 7 * 5 .  C ig H ^ g O g N g B r g S  r e q u i r e s  B r ,  3 6 * 7 % ) .
2 : 4 :  ^-Tribromopdienyl o-Bromo-p-toluenesulphonate.— T h e  d i ­
a m i n o - c o m p o u n d  w a s  d i a z o t i s e d  a t  2 0 — 2 5 ° ,  i n  a  m i x t u r e  o f  e q u a l  
p a r t s  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  a n d  w a t e r ,  w i t h  a  s o l u t i o n  
o f  s o d i u m  n i t r i t e .  T h e  d i a z o - p e r b r o m i d e  w a s  p r e c i p i t a t e d  b y  
m e a n s  o f  a  s o l u t i o n  o f  b r o m i n e  i n  a q u e o u s  p o t a s s i u m  b r o m id e ^  
c o l l e c t e d ,  w a s h e d ,  a n d  d e c o m p o s e d  i n  g l a c i a l  a c e t i c  a c i d ,  t h e  t e m p e r ­
a t u r e  o f  t h e  l a t t e r  b e i n g  s l o w l y  r a i s e d  u n t i l  t h e  b .  p .  w a s  r e a c h e d .  
W a t e r  w a s  a d d e d ,  a n d  t h e  p r e c i p i t a t e  c r y s t a l l i s e d  f r o m  a l c o h o l ,  
c o l o u r l e s s  l e a f l e t s ,  m .  p .  1 0 7 — 1 0 8 ° ,  b e i n g  o b t a i n e d  ( F o u n d  : B r ,  
5 6 * 9 .  C ig H g O g B r ^ S  r e q u i r e s  B r ,  5 6 * 7 % ) .
2 : 4 :  5-Tribroinophenol.— (a) A  s o l u t i o n  o f  t h e  p r e c e d i n g  c o m ­
p o u n d  i n  e x c e s s  o f  p i p e r i d i n e  w a s  b o i l e d  u n d e r  r e f l u x  f o r  a n  
h o u r  ; t h e  s o l u t i o n  w a s  t h e n  s t r o n g l y  a c i d i f i e d  a n d  s u b m i t t e d  t o  
s t e a m  d i s t i l l a t i o n .  T h e  t r i b r o m o p h e n o l  p a s s e d  o v e r  r a p i d l y ,  a n d  
c r y s t a l l i s e d  f r o m  l i g h t  p e t r o l e u m  ( b .  p .  4 0 — 6 0 ° )  i n  l o n g  c o l o u r l e s s  
n e e d l e s ,  m .  p .  8 5 — 8 6 °  ( F o u n d  : B r ,  7 3 * 0 .  C g H g O B ig  r e q u i r e s  
B r ,  7 2 * 5 % ) .
(6) 2 : 4 : 5 - T r i b r o m o a n i h n e ,  p r e p a r e d  f o r  t h e  p u r p o s e  f r o m  
p - d i b r o m o b e n z e n e ,  w a s  c o n v e r t e d  i n t o  t h e  c o r r e s p o n d i n g  p h e n o l  
b y  a d a p t i n g  t h e  m e t h o d  o f  N o e l t i n g  a n d  K o p p  (loc. cit.). T h e  
p r o d u c t  w a s  i d e n t i c a l  w i t h  t h a t  f r o m  p r o c e s s  (a).
K o h n  a n d  P f e i f e r  (Monatsh., 1 9 2 7 ,  4 8 ,  2 1 1 )  o b t a i n e d  w h a t  w a s
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e v i d e n t l y  m a i n l y  2 : 4 :  5- t r i b r o m o p h e n o l ,  m .  p .  7 9 ° ,  b y  h e a t i n g  
p e n t a b r o m o p h e n o l  w i t h  z i n c  d u s t  a n d  g l a c i a l  a c e t i c  a c i d .  W e  
f a i l e d  t o  t r a c e  t h i s  w o r k  f o r  s o m e  t i m e ,  s i n c e  i n  t h e  o r i g i n a l  p a p e r  
a n d  i n  t h e  B r i t i s h  a b s t r a c t s  t h e  s u b s t a n c e  w a s  i n c o r r e c t l y  c a l l e d  
3 : 4 :  6- t r i b r o m o p h e n o l .
Nitration of  2  : 4:-Dibromo-2' : 4z'-dinitrodipTienyl Ether,— T h e  
e t h e r ,  d e s c r i b e d  b y  L e  F è v r e ,  S a u n d e r s ,  a n d  T u r n e r  ( J . ,  1 9 2 7 , 1 1 6 8 ) ,  
i s  m o r e  c o n v e n i e n t l y  o b t a i n e d  a s  f o l l o w s  : 21 g .  o f  2 : 4 - d i b r o m o -  
p h e n o l  w e r e  a d d e d  t o  4 * 6  g .  o f  p o t a s s i u m  h y d r o x i d e  p r e v i o u s l y  
f u s e d  w i t h  0 - 5  c . c .  o f  w a t e r .  T o  t h e  s t i l l  h o t  m i x t u r e  w e r e  a d d e d  
1 7 * 5  g .  o f  l - c h l o r o - 2  : 4 - d i n i t r o b e n z e n e .  A f t e r  a  f e w  m i n u t e s ’ 
s h a k i n g ,  p o t a s s i u m  c h l o r i d e  b e g a n  t o  s e p a r a t e ,  a n d  a f t e r  a n  h o u r ’s  
h e a t i n g  a t  1 0 0 ° ,  i n t e r a c t i o n  w a s  c o m p l e t e .  E x c e s s  o f  d i l u t e  a l k a l i  
w a s  a d d e d ,  a n d  t h e  m i x t u r e  c o o l e d  a n d  s h a k e n .  T h e  s o l i d  m e a l y  
p r o d u c t  w a s  c o l l e c t e d ,  w a s h e d  w i t h  w a t e r ,  a n d  c r y s t a l l i s e d  f r o m  
g l a c i a l  a c e t i c  a c i d  ( 2 3  g . ,  m .  p .  1 3 3 ° ) .
T h e  e t h e r  w a s  a d d e d  r a p i d l y  t o  1 0  p a r t s  o f  n i t r i c  a c i d  (d 1 * 5 ) .  
A f t e r  0 * 5  h o u r ,  t h e  s o l u t i o n  w a s  p o u r e d  i n t o  w a t e r .  T h e  p r e ­
c i p i t a t e d  s o l i d  w a s  c o l l e c t e d ,  w a s h e d ,  a n d  c r y s t a l l i s e d  f r o m  g l a c i a l  
a c e t i c  a c i d ,  2  : 4 - d z 6 r o m o - 5  : 2' : é '-trinitrodiphenyl ether b e i n g  
o b t a i n e d  i n  v e r y  p a l e  y e l l o w  n e e d l e s ,  m .  p .  1 4 2 °  ( F o u n d  : B r ,  3 5 * 1 .  
C ig S g O ^ N g B r g  r e q u i r e s  B r ,  3 4 * 9 % ) .
Scission of 2 : 4:-Dibromo-5 : 2 '  : 4/-trinitrodiphenyl Ether,— ( a )  
With piperidine. T h e  t r i n i t r o - c o m p o u n d  w a s  h e a t e d  w i t h  t w i c e  i t s  
w e i g h t  o f  p i p e r i d i n e  a t  1 0 0 °  f o r  a n  h o u r .  T h e  s o l u t i o n  w a s  t r e a t e d  
w i t h  a l k a l i  a n d  e x t r a c t e d  s e v e r a l  t i m e s  w i t h  b e n z e n e .  T h e  b e n z e n e  
l a y e r  w a s  e x t r a c t e d  f i r s t  w i t h  h y d r o c h l o r i c  a c i d  a n d  t h e n  w i t h  
a l k a l i .  A c i d i f i c a t i o n  o f  t h e  a l k a l i n e  s o l u t i o n  g a v e  2  : 4 - d i b r o m o -
5 - n i t r o p h e n o l ,  i d e n t i c a l  w i t h  t h e  a b o v e  p r o d u c t ,  a n d  t h e  b e n z e n e  
l a y e r  y i e l d e d  2  : 4 - d i n i t r o p h e n y l p i p e r i d i n e .
( b )  With aniline. T h e  t r i n i t r o - c o m p o u n d  w a s  h e a t e d  f o r  a n  
h o u r  a t  1 0 0 °  w i t h  e x c e s s  o f  a n i l i n e .  O n  a d d i t i o n  o f  m u c h  d i l u t e  
h y d r o c h l o r i c  a c i d ,  2 : 4 - d i n i t r o d i p h e n y l a m i n e  s e p a r a t e d  i n  a l m o s t  
q u a n t i t a t i v e  y i e l d .
N itration of 2 : 4:-Dibromophenyl Benzoate.— T h e  b e n z o a t e  w a s  
a d d e d  s l o w l y  t o  1 0  p a r t s  o f  n i t r i c  a c i d  {d 1 * 5 ) ,  k e p t  b e l o w  3 0 ° .  
A f t e r  a  f u r t h e r  1 5  m i n u t e s ,  t h e  s o l u t i o n  w a s  p o u r e d  i n t o  e x c e s s  o f  
c o l d  w a t e r .  T h e  g u m m y  p r e c i p i t a t e  w a s  s e p a r a t e d ,  a n d  h e a t e d  w i t h  
w a t e r  u n t i l  i t  b e c a m e  h a r d .  I t  c r y s t a l l i s e d  f r o m  a l c o h o l  i n  c o l o u r ­
l e s s  n e e d l e s ,  m .  p .  1 5 5 — 1 5 6 °  ( F o u n d  : B r ,  3 6 * 2 .  C ig H g O g N g B r g  
r e q u i r e s  B r ,  3 5 * 9 % ) .  T h e  n i t r o - c o m p o u n d  w a s  h e a t e d  f o r  a n  h o u r  
a t  1 0 0 °  w i t h  e x c e s s  o f  p i p e r i d i n e .  T h e  e x c e s s  o f  p i p e r i d i n e  w a s  
r e m o v e d  b y  e x t r a c t i o n  w i t h  b e n z e n e  i n  p r e s e n c e  o f  a l k a l i .  T h e  
2  : 4 - d i b r o m o - 5 - n i t r o p h e n o l  o b t a i n e d ,  a f t e r  c r y s t a l l i s a t i o n  f r o m
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l i g h t  p e t r o l e u m ,  h a d  m .  p .  7 7 — 7 8 ° ,  a n d  d i d  n o t  d e p r e s s  t h e  m .  p .  
o f  t h e  d i b r o m o - c o m p o u n d  d e s c r i b e d  a b o v e .
T h e  m - n i t r o p h e n o l  u s e d  i n  t h e s e  e x p e r i m e n t s  w a s  p r e p a r e d  a s  
d e s c r i b e d  i n  A d a m s ’s  “  O r g a n i c  S y n t h e s e s , ”  V o l .  V I I I ,  p .  8 0 ,  b u t  
i t  w a s  f o u n d  a d v i s a b l e  t o  r e m o v e  a U  t r a c e s  o f  s u l p h u r i c  a c i d  f r o m  
t h e  c r u d e  p r o d u c t  b y  d i s s o l v i n g  i t  i n  a l k a l i  a n d  r e p r e c i p i t a t i n g  i t  
w i t h  h y d r o c h l o r i c  a c i d  b e f o r e  cU s t i f l i n g  i t  u n d e r  r e d u c e d  p r e s s u r e  ; 
o t h e r w i s e ,  t o w a r d s  t h e  e n d  o f  t h e  d i s t i l l a t i o n ,  e x p l o s i v e  d e c o m p o s i t i o n  
s e t  i n .  F r o m  2 1 2  g .  o f  m - n i t r o a n ü i n e ,  1 3 5 — 1 4 0  g .  o f  p u r e  m - n i t r o ­
p h e n o l  w e r e  c o n s i s t e n t l y  o b t a i n e d .
m-Nitrophenyl p4oluenesulphonate, o b t a i n e d  i n  t h e  u s u a l  w a y ,  
s e p a r a t e d  f r o m  a l c o h o l  i n  p r i s m s ,  m .  p .  1 1 2 — 1 1 3 °  ( F o u n d  : S ,  
1 0 * 7 .  C 13H 11O 5N S  r e q u i r e s  S ,  1 0 * 9 % ) .
Experiments on the Dibromination of m-NitrophenoL— ( A )  D ry. 
( 1 )  T h e  m e t h o d  d e s c r i b e d  b y  L i n d n e r  (loc. cit.) l e d  t o  m i x t u r e s ,  
t h e  e x a m i n a t i o n  o f  w h i c h  p r o v e d  u n p r o f i t a b l e .
(2 ) A  c u r r e n t  o f  c a r b o n  d i o x i d e  l a d e n  w i t h  b r o m i n e  v a p o u r  w a s  
p a s s e d  t h r o u g h  m - n i t r o p h e n o l  i n  a  b a t h  a t  1 2 0 — 1 4 0 °  u n t i l  t h e  
d e s i r e d  i n c r e a s e  i n  w e i g h t  h a d  o c c u r r e d .  T h e  p r o d u c t  w a s  w o r k e d  
u p  b y  L i n d n e r ’s  m e t h o d .  P r e c i p i t a t i o n  o f  t h e  b a r i u m - s a l t  f r a c t i o n  
g a v e  a  s o l i d ,  m .  p .  8 2 — 9 8 ° .  A  m i x t u r e  o f  t h i s  w i t h  2 : 4 :  6- t r i -  
b r o m o - 3 - n i t r o p h e n o l  m e l t e d  b e l o w  7 5 ° ,  a n d  o n e  w i t h  4 - b r o m o -
3 - n i t r o p h e n o l  m e l t e d  a t  7 6 — 1 3 5 ° .  O n  t h e  a s s u m p t i o n s  t h a t  t h e  
p r o d u c t ,  m .  p .  8 2 — 9 8 ° ,  i s  a p p r o x i m a t e l y  5 0 %  o f  4 - b r o m o -  a n d  
5 0 %  o f  t r i b r o m o - 3 - n i t r o p h e n o l ,  a n d  t h a t  t h e  m i x e d  m e l t i n g - p o i n t  
c u r v e  i s  o f  t h e  s i m p l e s t  t y p e ,  t h e s e  r e s u l t s  a r e  e x p l i c a b l e ,  a s  i s  a l s o  
t h e  b r o m i n e  c o n t e n t  o f  t h e  b r o m i n a t i o n  p r o d u c t  ( 5 1 * 3 % ;  a  I  : 1  
m i x t u r e  o f  m o n o -  a n d  t r i - b r o m o - c o m p o u n d s  r e q u i r e s  B r ,  5 3 * 9 % ) .
( 3 )  O n  o n e  o c c a s i o n ,  b y  S c h l i e p e r ’s  m e t h o d  o f  m o n o b r o m i n a t i o n ,  
a  p r o d u c t  w a s  o b t a i n e d  c o r r e s p o n d i n g  v e r y  c l o s e l y  t o  t h a t  j u s t  
d e s c r i b e d .  I t  h a d  m .  p .  8 5 — 9 5 ° .  a n d  B r ,  5 1 * 2 % .
(B) Wet. ( 1 )  A  s o l u t i o n  o f  m - n i t r o p h e n o l  (1  m o l . )  a n d  b r o m i n e  
( 2  m o i s . )  i n  9 0 %  a c e t i c  a c i d  w a s  l e f t  i n  t h e  c o l d  f o r  a n  h o u r .  S i n c e  
b r o m i n a t i o n  d i d  n o t  b e g i n ,  t h e  s o l u t i o n  w a s  h e a t e d  a t  100° f o r  0*5 
h o u r  a n d  t h e n  b o i l e d  f o r  0 * 5  h o u r .  T h e  p r o d u c t  w a s  w o r k e d  u p  b y  
L i n d n e r ’s  m e t h o d  a n d  g a v e  n o  s u b s t a n c e  c o r r e s p o n d i n g  t o  h i s  
d i b r o m o - d e r i v a t i v e .
(2 ) A  s o l u t i o n  o f  m - n i t r o p h e n o l  (1 m o l . )  a n d  a n h y d r o u s  s o d i u m  
a c e t a t e  (2 m o i s . )  i n  g l a c i a l  a c e t i c  a c i d  w a s  t r e a t e d  w i t h  a  s o l u t i o n  
o f  b r o m i n e  ( 2  m o i s . )  i n  g l a c i a l  a c e t i c  a c i d .  A  n u m b e r  o f  e x p e r i m e n t s  
w e r e  c a r r i e d  o u t ,  w i t h  v a r i a t i o n  o f  c o n c e n t r a t i o n s ,  t e m p e r a t u r e ,  
a n d  t i m e  o f  m i x i n g .  I n  e v e r y  c a s e  t h e  m a i n  p r o d u c t  w a s  2 : 4 : 6 -  
t r i b r o m o - 3 - n i t r o p h e n o l ,  m .  p .  8 9 — 9 0 °  ( F o u n d  : B r ,  6 3 * 4 .  C a l c .  : 
B r , 6 3 * 8 % ) .
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2 : 4 :  ^-Tribronio-3-nitrophenyl p-Toluenesulphonate.— T h e  t r i ­
b r o m o - c o m p o u n d  w a s  r e a d i l y  c o n v e r t e d  i n t o  t h e  p4oluenesulphonyt 
d e r i v a t i v e ,  w h i c h  c r y s t a l l i s e d  f r o m  a l c o h o l  i n  c o l o u r l e s s  n e e d l e s ,  
m .  p .  1 4 6 — 1 4 7 °  ( F o u n d  : B r ,  4 5 * 2  ; S ,  6 * 0 . C j g H g O g N B r g S  r e q u i r e s  
B r ,  4 5 * 3 ;  S ,  6 * 0 % ) .
2 : 4 :  Q-Tribromo-Z-aminopJienyl p-Toluenesulphonate.— R e d u c ­
t i o n  o f  t h e  p r e c e d i n g  c o m p o u n d  w a s  e f f e c t e d  b y  W e s t ’s  m e t h o d  
( J . ,  1 9 2 5 ,  1 2 7 ,  4 9 4 ) .  T h e  a m m o - c o m p o u n d  s e p a r a t e d  f r o m  a l c o h o l  
o r  d i l u t e  a c e t i c  a c i d  i n  c o l o u r l e s s  p r i s m s ,  m .  p .  1 4 6 — 1 4 7 °  ( m i x t u r e  
w i t h  t h e  n i t r o - c o m p o u n d ,  m .  p .  1 2 0 — 1 2 5 ° )  ( F o u n d  : B r ,  4 7 * 9 .  
C i g H i o O g N B r g S  r e q u i r e s  B r ,  4 8 * 0 % ) .
2 : 3 : 4 :  ^-Tetrabromophenol.— A  s o l u t i o n  o f  t h e  p r e c e d i n g  a m i n o -  
c o m p o u n d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  w a s  d i a z o t i s e d  a t  1 5 °  
w i t h  a  s o l u t i o n  o f  s o d i u m  n i t r i t e  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  
( m a d e  a t  —  1 0 ° ) .  W h e n  t h e  r e s u l t i n g  s o l u t i o n  w a s  p o u r e d  o n  i c e ,  
a  y e l l o w  c r y s t a l l i n e  p r e c i p i t a t e  o f  t h e  d i a z o - c o m p o u n d  s e p a r a t e d .  
A d d i t i o n  o f  w a t e r  p r o d u c e d  a  c l e a r  s o l u t i o n ,  t o  w h i c h  w a s  a d d e d  a  
s o l u t i o n  o f  b r o m i n e  i n  p o t a s s i u m  b r o m i d e  u n t i l  n o  f u r t h e r  p r e c i p i t a t e  
w a s  o b t a i n e d .  T h e  d i a z o - p e r b r o m i d e  w a s  c o l l e c t e d ,  w a s h e d  w i t h  
w a t e r ,  a n d  d e c o m p o s e d  i n  h o t  g l a c i a l  a c e t i c  a c i d .  O n  c o o l i n g ,  a  
c r y s t a l l i n e  p r o d u c t  s e p a r a t e d ,  w h i c h  w a s  w a s h e d  w i t h  w a t e r  a n d  
t h e n  h e a t e d  w i t h  e x c e s s  o f  p i p e r i d i n e  a t  1 0 0 °  f o r  4  h o u r s .  A d d i t i o n  
o f  w a t e r  p r e c i p i t a t e d  2 : 3 : 4 : 6- t e t r a b r o m o p h e n o l ,  w h i c h  s o o n  
b e c a m e  s o h d  a n d  c r y s t a l l i s e d  f r o m  d i l u t e  a l c o h o l  i n  c o l o u r l e s s  
n e e d l e s ,  m .  p .  1 1 3 — 1 1 4 ° .  A n  i d e n t i c a l  s p e c i m e n  w a s  o b t a i n e d  
b y  u s i n g  t h e  S a n d m e y e r  i n s t e a d  o f  t h e  p e r  b r o m i d e  p r o c e s s  ( F o u n d  : 
B r ,  7 6 * 8 .  C a l c .  : B r ,  7 8 * 0 % ) .
N-'p-Bromoplienylphthalimide.— A  m i x t u r e  o f  p - b r o m o a n i h n e  
(1 m o l . )  w i t h  f i n e l y  g r o u n d  p h t h a h c  a n h y d r i d e  (1 m o l . )  w a s  h e a t e d  
a t  2 5 0 — 3 0 0 °  f o r  2  h o u r s .  T h e  m o l t e n  m a s s  w a s  p o u r e d  i n t o  c o l d  
a l c o h o l  a n d  t h e  s o l i d  p r o d u c t  w a s  g r o u n d  a n d  e x t r a c t e d  w i t h  a  
l a r g e  v o l u m e  o f  b o i l i n g  a l c o h o l .  T h e  r e s i d u a l  s o l i d  a n d  t h e  l o n g  
s i l k y  n e e d l e s  t h a t  s e p a r a t e d  f r o m  t h e  e x t r a c t  b o t h  m e l t e d  a t  2 0 4 °  
( F o u n d  : B r ,  2 6 * 8 .  C i^ H g O g N B r  r e q u i r e s  B r ,  2 6 * 5 % ) .  Y i e l d ,  88% .
N itration of N-'p-Bromophenylphthalimide.— T h e  i m i d e  (1  m o l . )  
w a s  d i s s o l v e d  i n  10 p a r t s  o f  w a r m  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  
T o  t h e  s o l u t i o n ,  c o o l e d  i n  r u n n i n g  w a t e r ,  1 m o l .  o f  n i t r i c  a c i d  (d 
1 * 5 ) ,  d i s s o l v e d  i n  5  v o l s ,  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  w a s  a d d e d  
s l o w l y ,  w i t h  s t i r r i n g .  A f t e r  a n  h o u r ,  t h e  s o l u t i o n  w a s  p o u r e d  o n  i c e ,  
a n d  t h e  r e s u l t i n g  g u m m y  p r e c i p i t a t e  c o l l e c t e d .  I t  w a s  h e a t e d  f o r  a n  
h o u r  a t  1 3 0 °  w i t h  9 0 %  s u l p h u r i c  a c i d ,  a n d  t h e  r e s u l t i n g  s o l u t i o n  w a s  
m u c h  d i l u t e d  a n d  t h e n  b a s i f i e d .  T h e  p r o d u c t  w a s  m a i n l y  4 - b r o m o -
2 - n i t r o a n i l i n e ,  a n d  d i d  n o t  c o n t a i n  m o r e  t h a n  2 0 %  o f  4 - b r o m o - 3 -  
n i t r o a n i l i n e  ( f r a c t i o n a l  c r y s t a l l i s a t i o n  o f  t h e  m i x e d  s u l p h a t e s ) .
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N i t r a t i o n  o f  p - b r o m o a n i l i n e  i n  e x c e s s  o f  s u l p h u r i c  a c i d  a s  d e s c r i b e d  
b y  N o e l t i n g  a n d  C o l l i n  {foe, cit.) g a v e  4 - b r o m o - 3 - n i t r o a n i l i n e  i n  
g o o d  y i e l d ,  b u t  a n  a t t e m p t  t o  e f f e c t  r e p l a c e m e n t  o f  t h e  a m i n o -  
g r o u p  b y  h y d r o x y l  b y  t h e  d i a z o - m e t h o d  p r o v e d  u n s u c c e s s f u l .
Mononitration of ON-Diacetyl-p-aminophenol,— H a h l e  (loc. cit.) 
r e c o m m e n d s  n i t r a t i o n  a t  0 °  w i t h  f u m i n g  n i t r i c  a c i d .  W e  h a v e  f o u n d  
t h a t  t h e  b e s t  r e s u l t s  a r e  o b t a i n e d  w h e n  5 0  g .  o f  t h e  d i a c e t y l  c o m ­
p o u n d  a r e  a d d e d  g r a d u a l l y  t o  7 5  c . c .  o f  n i t r i c  a c i d  {d 1 * 5 )  k e p t  a t  
a b o u t  5 ° .  ( O n l y  p a r t i a l  n i t r a t i o n  o c c u r s  a t  t e m p e r a t u r e s  j u s t  
b e l o w  0° ,  a n d  t h e  d i a c e t y l  c o m p o u n d  m a y  b e  r e c o v e r e d  u n c h a n g e d  
f r o m  i t s  s o l u t i o n  i n  a  m i x t u r e  o f  e q u a l  v o l u m e s  o f  a c i d s  o f  d  1 - 5  
a n d  d  1 - 4 2 ,  k e p t  a t  0°  t o  —  5 ° . )  T h e  s o l u t i o n  i s  p o u r e d  o n  i c e ,  
a n d  t h e  p r e c i p i t a t e  o b t a i n e d  i s  c r y s t a l l i s e d  f r o m  a l c o h o l .
Ai-Bromo-Z-nitrophcnol.— O N - D i a c e t y l - 3 - n i t r o - 4 - a m i n o p h e n o l  w a s  
s l o w l y  a d d e d  t o  10 t i m e s  i t s  w e i g h t  o f  b o i l i n g  h y d r o b r o m i c  a c i d  
(d 1 * 4 9 ) .  B o i l i n g  w a s  c o n t i n u e d  f o r  J  h o u r  a n d  t h e  s u s p e n s i o n  o f
3 - n i t r o - 4 - a m i n o p h e n o l  h y d r o b r o m i d e  w a s  t h e n  d i l u t e d  a n d  d i a z o ­
t i s e d  : d i a z o t i s a t i o n  w a s  s l o w .  T h e  e x c e s s  o f  n i t r o u s  a c i d  w a s  
r e m o v e d  b y  a d d i t i o n  o f  u r e a  a n d  t h e  s o l u t i o n  o b t a i n e d  w a s  p o u r e d  
i n t o  a  s u s p e n s i o n  o f  c o p p e r  p o w d e r  i n  2 5 %  h y d r o b r o m i c  a c i d .  
T h e  c o p p e r  s l o w l y  d i s s o l v e d  a n d  n e e d l e s  s e p a r a t e d .  T h e s e  c r y s t a l ­
l i s e d  f r o m  w a t e r  i n  b r o w n  n e e d l e s ,  m .  p .  1 4 6 - 5 — 1 4 7 - 5 ° ,  a n d  f r o m  
d i l u t e  h y d r o c h l o r i c  a c i d  i n  y e l l o w  n e e d l e s  h a v i n g  t h e  s a m e  m .  p .
4 - C h l o r o - 3 - n i t r o p h e n o l  w a s  o b t a i n e d  i n  a  p r e c i s e l y  s i m i l a r  m a n n e r  
f r o m  d i a c e t y l - 3 - n i t r o - 4 - a m i n o p h e n o l .  T h e  d i a z o t i s a t i o n  p r o c e e d e d  
m o r e  e a s i l y  t h a n  w i t h  t h e  b r o m o - c o m p o u n d .  T h e  p r o d u c t  c r y s t a l ­
l i s e d  f r o m  d i l u t e  h y d r o c h l o r i c  a c i d  i n  y e l l o w  n e e d l e s ,  m .  p .  1 2 7 —  
1 2 8 ° .
3 - B r o m o - 2 - n i t r o p h e n o l  w a s  p r e p a r e d  b y  H o d g s o n  a n d  M o o r e ’s  
m e t h o d  ( J . ,  1 9 2 6 ,  1 5 7 ) .  I n  t h e  i n t e r m e d i a t e  s u l p h o n a t i o n  w e  
o b t a i n e d  g o o d  r e s u l t s  w i t h  20%  o l e u m ,  b u t  w i t h  a c i d  o f  t h e  c o m ­
p o s i t i o n  ( 2 7  %  o l e u m )  u s e d  b y  H o d g s o n  a n d  M o o r e ,  o u r  s u l p h o n a t i o n  
m i x t u r e  s e t  a l m o s t  s o l i d  a n d  w o u l d  n o t  d i s s o l v e  e v e n  i n  a  l a r g e  
q u a n t i t y  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d .
Z-Bromo-2-nitrophcnyl p-tolucncsulphonatc, r e a d i l y  o b t a i n e d  i n  
t h e  u s u a l  w a y ,  c r y s t a l l i s e d  f r o m  a l c o h o l ,  i n  w h i c h  i t  w a s  v e r y  
s p a r i n g l y  s o l u b l e ,  i n  c o l o u r l e s s  r e c t a n g u l a r  p l a t e s ,  m .  p .  1 3 6 - 5 —  
1 3 7 * 5 °  ( F o u n d  : B r ,  2 1 * 4 .  C i g H j o O g N B r S  r e q u i r e s  B r ,  2 1 * 5 % ) .
Z-Bromo-2-aminophenyl p-Toluenesulphonate.— T h e  p r e c e d i n g  
n i t r o - c o m p o u n d  w a s  r e d u c e d  w i t h  a  m i x t u r e  o f  2 p a r t s  o f  c r y s t a l l i n e  
s t a n n o u s  c h l o r i d e ,  2 p a r t s  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  a n d  
7  p a r t s  o f  g l a c i a l  a c e t i c  a c i d  a t  1 0 0 ° .  M u c h  a l k a l i  w a s  a d d e d  a n d  
t h e  s u s p e n s i o n  p r o d u c e d  w a s  e x t r a c t e d  w i t h  e t h e r .  E v a p o r a t i o n  
o f  t h e  d r i e d  e t h e r e a l  e x t r a c t ,  f o l l o w e d  b y  c r y s t a l l i s a t i o n  f r o m  a l c o h o l .
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g a v e  c o l o u r l e s s  n e e d l e s  o f  t h e  ( % m m o - c o m p o u n d ,  m .  p .  120— 121°  
( F o u n d  : B r ,  2 3 * 6 .  C i g H i g O g N B r S  r e q u i r e s  B r ,  2 3 * 4 % ) .
2  : 3-Dibromophenol.— T h e  a m i n o - c o m p o u n d  w a s  d i a z o t i s e d  i n  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  a t  1 5 — 2 0 ° ,  w i t h  a  s o l u t i o n  o f  s o d i u m  
n i t r i t e  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  p r e p a r e d  a t  —  1 0 ° .  T h e  
r e a c t i o n  m i x t u r e  w a s  p o u r e d  o n  i c e .  A  s m a l l  p o r t i o n  w a s  f o u n d  
t o  c o u p l e  n o r m a l l y  w i t h  a l k a l i n e  p - n a p h t h o l ,  a n d  t h e  m a i n  p o r t i o n  
w a s  a d d e d  t o  c u p r o u s  b r o m i d e - h y d r o b r o m i c  a c i d .  T h e  r e s u l t i n g  
s o l u t i o n  w a s  h e a t e d  o n  a  b o i l i n g  w a t e r - b a t h  u n d e r  r e f l u x  f o r  f  h o u r  
a n d  t h e n  d i s t i l l e d  i n  s t e a m .  T h e  w h i t e  s o l i d  t h a t  p a s s e d  o v e r  
w a s  d r i e d  o v e r  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( d e s i c c a t o r )  a n d  c r y s t a l ­
l i s e d  f r o m  l i g h t  p e t r o l e u m  ( b .  p .  4 0 — 6 0 ° ) .  T h e  2 : ^-dibromophenol 
o b t a i n e d  f o r m e d  s t o u t  p r i s m s ,  m .  p .  6 8 — 6 9 °  ( F o u n d  : B r ,  6 3 * 6 .  
C g H ^ O B r g  r e q u i r e s  B r ,  6 3 - 6 % ) .  I t  i s  m u c h  l e s s  s o l u b l e  i n  l i g h t  
p e t r o l e u m  t h a n  2 : 3 - d i c h l o r o p h e n o l  a n d  i s  v e r y  m u c h  l e s s  v o l a t i l e .
Monobromination of Wet m-Nitrophenol.— ( a )  W h e n  a  d i l u t e  
s o l u t i o n  o f  b r o m i n e  (1 m o l . )  w a s  a d d e d  t o  a  c o l d  d i l u t e  s o l u t i o n  o f  
m - n i t r o p h e n o l  ( I  m o l . )  a n d  a n h y d r o u s  s o d i u m  a c e t a t e  (1  m o l . )  i n  
g l a c i a l  a c e t i c  a c i d ,  a  m i x t u r e  o f  s u b s t a n c e s  w a s  f o r m e d ,  t h e  e x a m i n ­
a t i o n  o f  w h i c h  l e d  t o  n o  p o s i t i v e  r e s u l t s .
( b )  A  s o l u t i o n  o f  2 0  g .  o f  m - n i t r o p h e n o l  a n d  8*8 c . c .  o f  b r o m i n e  
i n  3 0  c . c .  o f  g l a c i a l  a c e t i c  a c i d  w a s  g e n t l y  b o i l e d  u n d e r  r e f l u x  f o r  
2  h o u r s ;  i t  t h e n  b e c a m e  a l m o s t  c o l o u r l e s s .  T h e  s o l v e n t  w a s  
e v a p o r a t e d  o n  a  b o i l i n g  w a t e r - b a t h  a n d  t h e  r e s i d u e ,  w h i c h  b e c a m e  
c r y s t a l H n e  o n  c o o l i n g ,  w a s  d i s s o l v e d  i n  d i l u t e  a q u e o u s  a l k a l i .  
A d d i t i o n  o f  a c i d  p r e c i p i t a t e d  a n  a l m o s t  c o l o u r l e s s  s o l i d  w h i c h ,  a f t e r  
b e i n g  c r y s t a l l i s e d  f r o m  d i l u t e  h y d r o c h l o r i c  a c i d ,  m e l t e d  a t  1 1 7 —  
120° ,  a n d  a f t e r  a  f u r t h e r  c r y s t a l l i s a t i o n  f r o m  l i g h t  p e t r o l e u m  ( b .  p .  
8 0 — 1 0 0 ° ) ,  a t  1 1 8  5 — 121°  ( F o u n d  : B r ,  3 6 * 4 .  C g H ^ O g N B r  r e q u i r e s  
B r ,  3 6 * 7 % ) .  T h e  f o l l o w i n g  e x p e r i m e n t s  s h o w  t h a t  t h i s  s u b s t a n c e  
i s  2-bromo-6-nitrophenol.
2-Bromo-6-nitrophenyl p-toluenesulphonate w a s  f o r m e d  i n  g o o d  
y i e l d  b y  t h e  u s u a l  p r o c e s s  ; i t  c r y s t a l l i s e d  f r o m  a l c o h o l  i n  c o l o u r l e s s  
p l a t e s ,  m .  p .  1 3 1 * 5 — 1 3 2 * 5 °  ( F o u n d  : B r ,  2 1 * 6 .  C i g H i g O g N B r S  
r e q u i r e s  B r ,  2 1 * 5 % ) .
2-Bromo-5-aminophenyl p-toluenesulphonate, o b t a i n e d  b y  t h e  
r e d u c t i o n  o f  t h e  n i t r o - c o m p o u n d  w i t h  s t a n n o u s  c h l o r i d e ,  h y d r o ­
c h l o r i c  a c i d ,  a n d  a c e t i c  a c i d ,  c r y s t a l l i s e d  f r o m  a l c o h o l  i n  c o l o u r l e s s  
b u n c h e s  o f  p r i s m s ,  m .  p .  1 3 5 — 1 3 6 °  ( F o u n d  : B r ,  2 3  3 .
C i g H i g O g N B r S  r e q u i r e s  B r ,  2 3 * 4 % ) .
2  : ^-Dibromophenol. ( a )  T h e  l a s t - n a m e d  a m i n o - c o m p o u n d  w a s  
d i a z o t i s e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  e x a c t l y  a s  d e s c r i b e d  
u n d e r  t h e  p r e p a r a t i o n  o f  2  : 3 - d i b r o m o p h e n o l .  T h e  s t e a m - d i s t i l l e d  
2 : ^-dibromophenol w a s  d r i e d  o v e r  c o n c e n t r a t e d  s u l p h u r i c  a c i d
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( d e s i c c a t o r )  a n d  t h e n  c r y s t a l l i s e d  f r o m  l i g h t  p e t r o l e u m  ( b .  p .  4 0 —  
6 0 ° )  ; i t  f o r m e d  p r i s m a t i c  n e e d l e s ,  m .  p .  7 3 — 7 4 °  ( F o u n d  : B r ,  
6 3 * 4 .  C g H ^ O B r g  r e q u i r e s  B r ,  6 3 * 6 % ) .  I t  w a s  r e a d i l y  c o n v e r t e d  
i n t o  2  : b-dibromopJienyl p4oluenesulphonate, w h i c h  s e p a r a t e d  f r o m  
a l c o h o l  i n  c o l o u r l e s s  p r i s m s ,  m .  p .  1 0 9 — 1 1 0 °  ( F o u n d  : B r ,  3 9 * 7 .  
C ig H io O g B r g S  r e q u i r e s  B r ,  3 9 * 4 % ) .
(b) 2  : 5 - D i b r o m o a n i l i n e  ( 4 4  g . ) ,  o b t a i n e d  i n  g o o d  y i e l d  b y  r e ­
d u c i n g  2  : 5 - d i b r o m o n i t r o b e n z e n e  b y  W e s t ’s  m e t h o d ,  w a s  d i s s o l v e d  
i n  1 5 0  c . c .  o f  w a r m  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  T h e  s o l u t i o n  w a s  
c o o l e d  t o  r o o m  t e m p e r a t u r e  a n d  t r e a t e d  w i t h  a  s o l u t i o n  o f  1 3  g .  
o f  s o d i u m  n i t r i t e  i n  1 5 0  c . c .  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( p r e p a r e d  
a t  —  1 0 ° ) .  A f t e r  a n  h o u r ,  1 5 0  c . c .  o f  w a t e r  w e r e  a d d e d  a n d  t h e  
r e s u l t i n g  s o l u t i o n ,  a f t e r  a d d i t i o n  o f  p u r i f i e d  s a n d ,  w a s  h e a t e d  u n d e r  
r e f l u x  o v e r  a  s m a l l  f l a m e  f o r  2  h o u r s .  ( A  s m a l l  p o r t i o n  o f  t h e  d i l u t e d  
d i a z o - s o l u t i o n  c o u p l e d  r e a d i l y  w i t h  a l k a l i n e  p - n a p h t h o l . )  T h e  w h o l e  
w a s  t h e n  d i s t i l l e d  i n  s t e a m ,  3 7  g .  o f  2  : 5 - d i b r o m o p h e n o l ,  c o n t a i n i n g  a  
t r a c e  o f  2  : 5 - d i b r o m o a n i l i n e ,  p a s s i n g  o v e r .  T h e  p h e n o l  w a s  f r e e d  
f r o m  t h e  b a s e  b y  s o l u t i o n  i n  a l k a l i  a n d  f i l t r a t i o n  a n d  t h e n  r e c o v e r e d  
b y  a c i d i f i c a t i o n  ; i t  h a d  m .  p .  7 3 — 7 4 ° ,  b .  p .  2 5 6 — 2 5 7 °  ( c o r r . ) / 7 5 5  m m .  
T h e  p - t o l u e n e s u l p h o n y l  d e r i v a t i v e  m e l t e d  a t  1 0 9 — 1 1 0 ° .
M i x t u r e s  o f  t h e  p h e n o l s  o r  o f  t h e i r  ^ - t o l u e n e s u l p h o n y l  d e r i v a t i v e s  
o b t a i n e d  b y  m e t h o d s  (a) a n d  (6) h a d  t h e  s a m e  m .  p .  a s  t h o s e  o f  t h e  
s i n g l e  s u b s t a n c e s .
Monobromination of D ry m-NitropJienol.— ( 1 )  A  c u r r e n t  o f  d r y  
c a r b o n  d i o x i d e  w a s  p a s s e d  t h r o u g h  b r o m i n e  a n d  t h e n  t h r o u g h  
1 0 * 5  g .  o f  m - n i t r o p h e n o l  h e a t e d  a t  1 2 0 — 1 4 0 ° .  W h e n  t h e  c a l c u l a t e d  
i n c r e a s e  o f  w e i g h t  h a d  o c c u r r e d ,  t h e  p r o d u c t  w a s  f r e e d  f r o m  t h e  
e x c e s s  o f  b r o m i n e  b y  a  r a p i d  c u r r e n t  o f  c a r b o n  d i o x i d e  a n d  a t  o n c e  
d i s s o l v e d  i n  e x c e s s  o f  d i l u t e  s o d i u m  h y d r o x i d e  s o l u t i o n .  A f t e r  
a d d i t i o n  o f  d i l u t e  h y d r o c h l o r i c  a c i d ,  y e l l o w  n e e d l e s  o f  4 - b r o m o -
3 - n i t r o p h e n o l  s e p a r a t e d  f o r  s o m e  t i m e ,  a n d  l a t e r ,  a n  o i l  m a d e  i t s  
a p p e a r a n c e .  A t  t h i s  s t a g e  t h e  l i q u i d  w a s  f i l t e r e d  a n d  t h e  s o h d  w a s  
c r y s t a U i s e d  f r o m  d i l u t e  h y d r o c h l o r i c  a c i d ,  7  g .  o f  t h e  4 - b r o m o - 
c o m p o u n d ,  m .  p .  1 4 6 * 5 — 1 4 7 * 5 ° ,  b e i n g  o b t a i n e d .
(2 ) m - N i t r o p h e n o l  ( 2 8  g . )  w a s  b r o m i n a t e d ,  t h e  w e i g h t  b e i n g  
a h o w e d  t o  i n c r e a s e  t o  4 3  g .  W h e n  t h e  p r o d u c t  w a s  w o r k e d  u p  a s  
b e f o r e ,  22 g .  o f  p u r e  4 - b r o m o - 3 - n i t r o p h e n o l  w e r e  o b t a i n e d .
T h e  p r o d u c t s  f r o m  b o t h  e x p e r i m e n t s  d i d  n o t  d e p r e s s  t h e  m .  p*  
o f  4 - b r o m o - 3 - n i t r o p h e n o l  p r e p a r e d  f r o m  d i a c e t y l - p - a m i n o p h e n o l .
Attempted Monobromination of 4:-Bromo-^-nitrophenol.— W h e n  
t h e  m o n o b r o m o - c o m p o u n d  (1 m o l . ) ,  d i s s o l v e d  t o g e t h e r  w i t h  1 m o l .  
o f  a n h y d r o u s  s o d i u m  a c e t a t e  i n  g l a c i a l  a c e t i c  a c i d ,  w a s  t r e a t e d  w i t h  
1 m o l .  o f  b r o m i n e  d i s s o l v e d  i n  t h e  s a m e  s o l v e n t ,  a  m i x t u r e  w a s  
o b t a i n e d  c o n t a i n i n g  u n c h a n g e d  4 - b r o m o - 3 - n i t r o p h e n o l .
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Attempted Monohromination of 2-Bromo-5-nitrophenoL— T h is -  
a p p e a r e d  t o  p r o c e e d  r e a d i l y .  T h e  a c e t i c  a c i d  w a s  e v a p o r a t e d ,  a n d  
t h e  h a r d  s o l i d  o b t a i n e d  ( o n  c o o l i n g )  c r y s t a l l i s e d  f r o m  l i g h t  p e t r o l e u m  
( b .  p .  8 0 — 1 0 0 ° ) .  T h e  p r o d u c t  h a d  t h e  a p p e a r a n c e  o f  a n  i n d i v i d u a l  
s u b s t a n c e ,  b u t  m e l t e d  a t  6 8 — 1 0 8 ° .
Monochlorination of m-Nitrophenol.— C h l o r i n e  w a s  p a s s e d  i n t o  
m - n i t r o p h e n o l  ( 4 2  g . )  a t  1 2 0 — 1 4 0 °  u n t i l  t h e  w e i g h t  i n c r e a s e d  b y  
9 * 5  g .  A  r a p i d  c u r r e n t  o f  c a r b o n  d i o x i d e  w a s  p a s s e d  t h r o u g h  t h e  
m o l t e n  p r o d u c t  u n t i l  t h e  e x c e s s  o f  c h l o r i n e  h a d  d i s a p p e a r e d  a n d  t h e  
w h o l e  w a s  t h e n  d i s s o l v e d  i n  d i l u t e  a l k a l i  s o l u t i o n .  D i l u t e  h y d r o ­
c h l o r i c  a c i d  w a s  a d d e d  u n t i l  n o  f u r t h e r  e v i d e n t  p r e c i p i t a t i o n  o c c u r r e d  
a n d  t h e  y e l l o w  n e e d l e s  p r o d u c e d  w e r e  w a s h e d  a n d  d r i e d  ( 1 4  g . ) .  
A f t e r  c r y s t a l l i s a t i o n  f r o m  d i l u t e  h y d r o c h l o r i c  a c i d ,  1 2  g .  o f  p u r e
4 - c h l o r o - 3 - n i t r o p h e n o l ,  m .  p .  1 2 7 — 1 2 8 ° ,  w e r e  o b t a i n e d .  T h e  
m o t h e r - l i q u o r  f r o m  t h e  f i r s t  f i l t r a t i o n  w a s  s t r o n g l y  a c i d i f i e d ,  a n d  
f i l t e r e d  a f t e r  s o m e  t i m e  : t h e  y e l l o w  p r e c i p i t a t e  o b t a i n e d ,  h a v i n g  
b e e n  w a s h e d  a n d  d r i e d ,  w e i g h e d  1 6  g .  a n d  a f t e r  c r y s t a l l i s a t i o n  
f r o m  d i l u t e  h y d r o c h l o r i c  a c i d  g a v e  10 g .  o f  2 - c h l o r o -3 - n i t r o p h e n o l ,  
m .  p .  1 2 0 °  ( F o u n d  : C l ,  1 9 * 6 .  C a l c .  : C l ,  2 0 - 0 % ) .  T h e  m o t h e r -  
l i q u o r  f r o m  t h e  s e c o n d  p r e c i p i t a t i o n  w a s  e v a p o r a t e d  t o  a  s m a l l  
b u l k  u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e n  e x t r a c t e d  w i t h  e t h e r .  E v a p o r ­
a t i o n  o f  t h e  e x t r a c t  g a v e  1 2 * 5  g .  o f  a n  o i l y  m i x t u r e  o f  c h l o r o - c o m -  
p o u n d s .  T h e  t o t a l  y i e l d  o f  c r u d e  c h l o r o - c o m p o u n d s  w a s  8 5 %  o f  
t h e  t h e o r e t i c a l  y i e l d .
T h e  4 - c h l o r o - 3 - n i t r o p h e n o l  o b t a i n e d  p r o d u c e d  n o  d e p r e s s i o n  o f  
t h e  m .  p .  o f  t h e  m a t e r i a l  p r e p a r e d  f r o m  O A - d i a c e t y l - m - n i t r o -  
p - a m i n o p h e n o l .
T h e  2 - c h l o r o - 3- n i t r o p h e n o l  w a s  r e d u c e d  w i t h  i r o n ,  h y d r o c h l o r i c  
a c i d ,  a n d  a l c o h o l ,  a n d  t h e  f i l t e r e d  s o l u t i o n  e v a p o r a t e d  t o  d r y n e s s .  
D i a z o t i s a t i o n ,  f o l l o w e d  b y  a d d i t i o n  o f  c o p p e r  p o w d e r  a n d  h y d r o ­
c h l o r i c  a c i d ,  g a v e  2  : 3 - d i c h l o r o p h e n o l ,  m .  p .  5 6 — 5 7 °  : t h i s  d e ­
p r e s s e d  t h e  m .  p .  o f  2  : 5 - d i c h l o r o p h e n o l  ( m .  p .  5 7 ° ) .  2  : 3 - D i -  
c h l o r o p h e n o l  i s  e x t r a o r d i n a r i l y  v o l a t i l e ,  a n d  v a c u u m  d e s i c c a t i o n  
o v e r  s u l p h u r i c  a c i d  a n d  p h o s p h o r i c  o x i d e  w a s  a c c o m p a n i e d  b y  
c o n s i d e r a b l e  l o s s .  T h i s  p r o p e r t y  a n d  t h e  i n t e n s e  o d o u r  o f  t h e  
c o m p o u n d  a p p e a r  t o  d i f f e r e n t i a t e  t h i s  d i c h l o r o p h e n o l  f r o m  i t s  
i s o m e r i d e s  ( c o m p a r e  H o U e m a n ,  Rec. trav. chim., 1 9 1 7 ,  3 7 ,  9 6 ) ,  
a n d  t h e  v o l a t i l i t y  a c c o u n t s  f o r  t h e  p o o r  a n a l y t i c a l  f i g u r e  o b t a i n e d  
( F o u n d  i n  a i r - d r i e d  s p e c i m e n  : C l ,  4 1 * 7 .  C a l c .  : C l ,  4 3 - 6 % ) .
S o m e  o f  t h e  p r e l i m i n a r y  w o r k  o n  t h e  d i b r o m o d i n i t r o d i p h e n y l  
e t h e r  w a s  c a r r i e d  o u t  b y  M i s s  G. I. S h a r p ,  B . S c .
B e d f o r d  C o l u e g e ,
U n i v e r s i t y  o f  L o n d o n .  [Received, January 3 0 i/i ,  1 9 3 0 .]
P k i x t k d  i n  G r e a t  B r i t a i n  b y ' R i c h a r d  C l a y  &  S o n s , L i m i t e d ,
BÜNOAY, SUFFOLK.
UNtV~R?.iTY or- LOr:OON. -,
i c  be : 'L iu rncd  t o  i.he U n iv e r s i ty  (1
]k iiS cS
w r ~ /  roi A c r i t i c a l  r e v ie w  o f  t h e  e x i s t i n g  m ethods  a v a i l a b l e  f o r  
he  s y n t h e s i s  o f  c o u m a r in s  and chromones h a s  been  made,  w i t h  
s p e c i a l  r e f e r e n c e s  t o  t h e  c o n t r i b u t i o n s  o f  Pechmann and 
c o l l a b o r a t o r s ,  S im o n is ,  Kuhemann and o t h e r s ,  J a c o b s o n  and 
Ghosh, K o s t a n e c k i  and c o l l a b o r a t o r s ,  R ob inson  and Baker  and 
c o - w o r k e r s ,  and t o  t h e  p a p e r s  of  C l a y t o n ,  Dey and o t h e r s .
The f o l l o w i n g  v/ork was t h e n  s t u d i e d  e x p e r i m e n t a l l y .  
P h l o r e t i n  a c e t y l a t e d  a t  ( l )  lOO^C. (2)  I80°C .  was s e p a r a t e l y  
d e - a c e t y l a t e d  and s u b s e q u e n t l y  m e t h y l a t e d .  I d e n t i c a l  p r o d u c t s  
w ere  o b t a i n e d  i n  b o t h  t h e  c a s e s  a t  t h e  t h r e e  s t a g e s  o f  
r e a c t i o n s .  Arguments  b a s e d  on a n a l o g o u s  c a s e s  l e a d  to  t h e  
r e c o g n i t i o n  o f  t h e s e  p h l o r e t y l  d e r i v a t i v e s  a s  chromones;  b u t  
f o r  f u l l e r  c o m p a r i s o n s  t h e  f o l l o w i n g  work was u n d e r t a k e n .
( I ) .  S y n t h e s i s  o f  t r i m e t h o x y - p h l o r e t y l - c o u m a r i n  from 
e t h y l - p a r a - m e t h o x y - p h e n y l - p r o p i o a c e t a t e  ( p l a n n e d  t o  be 
s y n t h e s i s e d  f rom p a r a - m e t h o x y - c i n n a m i c  a c i d  t h r o u g h  s e v e r a l  
s t a g e s  ) • E t h y l - p a r a - m e t h o x y - p h e n y l - p r o p i o n a t e  was s u c c e s s ­
f u l l y  p r e p a r e d ,  b u t  l a t e r  s t a g e s  o f  s y n t h e s i s  d i d  n o t  
m a t e r i a l i s e .
( I I ) .  S y n t h e s i s  o f  5 : 7 : 4 * - t r im e t h o x y - 2 - m e t h y l - c h r o m o n e  
f rom  E t h y l - p a r a - m e t h o x y - < K - b e n z y l - a c e t o a c e t a t e  ( p r e p a r e d  from 
p a r a - m e t h o x y - b e n z y l - c h l o r i d e  and s o d i o - a c e t o a c e t i c  e s t e r  ) 
and p h l o r o g l u c i n o l - d i m e t h y l - e t h e r  u s i n g  P^O^ ( c f .  S im onis  ) .  
T h i s  s y n t h e s i s  however  ended i n  g i v i n g  t h e  i s o m e r i c  cpum arin  
i n s t e a d  of  t h e  e x p e c t e d  chromone. To a s c e r t a i n  t h i s  f a c t
m o r ê fully further investigation was undertaken* Ethylrbenzyl- 
acetoacetate was prepared and condensed (a) with phloro­
glucinol using HgSO^ and the resulting coumarin methylated, and 
(b) with phloroglucinol-dimethyl-ether using P 2O 5 * the resulting 
product being identical with the methylated coumarin in (a)* 
Independent attempt at the synthesis of 5:7-dimethoxy-3- 
benzyl-2-methyl-chromone by acetylating at 180° the ortho- 
hydroxy-ketone prepared by the Hoesh method from pheny-propio- 
nitrile and phloroglucinol-dimethyl-ether brougjit to light 
the true chr omone contrasting with the above isomeric coumarins. 
This settles that coumarins and not chromones are obtained 
from the esters in question by the Simonis reaction.
(III). Lastly, the possibility of synthesising trimethoxy- 
phloretyl-coumarin from malonic ester derivatives was investi­
gated. The required di-ethyl-para-methoxy- -phenyl-propio- 
malonate decomposed in preparation, though the di-ethyl- - 
phenyl-propio-malonate was successfully synthesised.
ImETEODü AVàILABLl.>POH THE SYNTlikblS OF COUklAHINS AIU CimOMORLS
The coumarins are the derivatives of the simple substance 
coumarin, the lactone of o-coumaric acid ( o-hydroxy-cinnamic 
acid )• The first artificial synthesis of coumarin was due to 
Sir W.H.Perkin, from Salicylaldéhyde, acetic anhydride and 
sodium acetate, and acidifying the sodium ortho-coumarate so 
formed. In his paper ( J.C.S. 1868, 21, 53 ) the author describes 
the preparation of coumarin by heating aceto-ortho-coumaric acid.
( which is obtained from sodium-salicylaldéhyde and acetic 
anhydride ) and proves the product of this reaction to be 
identical with the coumarin which occurs in Tonka beans etc.
He then goes on to show the possibility of preparing the homo­
logues of this simple coumarin and explains how, by using Butyric- 
, or Valeric anhydrides in the place of acetic anhydride, butero- 
and Valero-ortho-coumaric acids r^oidrs were obtained by him and how 
the corresponding coumarins were prepared from these.
This is so far as our earliest information on the coumarins 
is concerned. But in 1883, there came to be known another method 
for the synthesis of coumarins —— a method capable of almost 
infinite application —  the one due to V.Pechmann and Puisberg.4
In Ber. 1883. P.2II9, these authors published their paper describing 
a synthesis of coumarin^ by the interaction of phenols with
t
(b-ketonic. esters, in the presence of dehydrating agents. The first
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dehydrating agent used for this purpose hy these authors was 
concentrated sulphuric acid# The method as described by them, 
merely consists in mixing equivalent quantities of the required 
pcKetonic ester and the phenol, and adding concentrated sulphuric 
acid, drop by drop, preferably with constantly stirring the mix­
ture which may be cooled in ice# The reaction was explained as 
taking place thus;-
0 uH o V\ o
In some cases the mixture has been warmed
from 1 0 to 15 minutes on a water bath, though in most cases the
reaction takes place in the cold when left for a day or two#
The mixture is then poured on to crushed ice and the coumarin is
purified by crystallisation#
This method has been very widely used in coumarin synthesis# 
Ever since its introduction in 1883, successive workers the 
earlier of v/hom were Pecximann himself and various collaborators, 
have freely employed it; and though on one occasion the work of 
Jacobson and Ghosh ( J#G#b# 1915, T# pp# 425, 959, I05I; J.C.b# 
I9I6 T, p. 106 ) had introduced some erroneous ideas about the 
working of this method when applied to certain heavily substi­
tuted ^ Ketonic esters, the work and criticism by Robinson and
•» 3 —
Baker and other collaborators which conclusively refutes 
Jacobson and Ghosh*s ideas, has established the sulphuric 
acid method on an indisputable footing* ( Of* this account 
further whilst dealing with the work on chromones*)
To illustrate the wide applicability of this method a few 
examples may be quoted* Pechmann and Buisberg prepared metiiyl- 
coumarin from phenol and acetoacetic ester, p>*methylambilliferon 
from resorcinol and acetoacetic ester, phenyl umbelliferon 
from resorcinol and benzoylacetic ester ( Ber* 1885, p. 2II9 ), 
whilst para-cresol, pyrogallol , phloroglucinol etc. have also 
been condensed with these esters, using cone* H 2 SO4 . Pechmann 
and Crafft used the method to get 4-methylasculetin, and 
Kostanecki and Weber employed it in the preparation of their 
m-dihydroxy-phenyl-coumarin* In ( J*C.S* 1908, T, 2018 )
Clayton describes the preparation of some coumarins by this method 
and 30 does Bey ( J*G*S* 1908 T, 1606 ) • Finally Jacobson and 
Ghosh have given this very method a fairly wide application and 
have introduced in the field of chemistry a number of coumarins 
( as shown by Baker and Robinson and collaborators, cf* loc* cit* 
later. )
There are however two serious drawbacks to this method. 
Firstly, being a strongly dehydrating agent cone* sulphuric acid 
very often tends to char the reacting substances and introduces 
decomposition products mixed with the coumarins* Secondly, the 
strong acid, being a sulphonating agent, sulphonates many of the 
phenols, some of them even in the cold* Thus a good portion of the
-  4 -
reacting substances are led away from the field of reaction, 
and this impoverishes the yield. In most papers describing the 
synthesis of coumarins by the use of conc. no mention of
the yield is made. Just one or two cases^might be quoted for
illustration. Thus, Peckmann and Kafft record a yield of only 
3/6 in their synthesis of 4-meJrhyl- coumarin ( Ber. 1901, 34,
p. 4*w5 )• In ( Ber. I90I, p. 421 ) the saiae authors describe a
yield of only for certain other coumarins they prepared. 
Working with such poor yields would be very inconvenient when 
synthesisimg coumarins from more complex ketonic esters. The 
difficulty was however considerably minimised when Simonis and 
Goldenzweig ( Ber. 1908, p. 830; J.C.S. I9I6, A i, 57 ) showed 
that the yield could be improved by using in place
of the concentrated acid. Thus rapid decomposition as well as 
sulphonation con be remedied against and a more reasonable yield 
of coumarin obtained. Simonis and OoldenzwetJ actually got a 
yield of 2 1 ;^ in their preparation of methyl-coumarin, as against 
3 to Bÿî whem conc. was used. Other workers have also
used 73/^  and always to an advantage. Borgellini and
Martegiani got improved yield of methyl esculetin.( Gazz. Itol. 
Chem. 4 (2) 615, I9II ). Although in most cases of coumarin 
synthesis workers have chiefly given preference to sulphuric 
acid whether concentrated or 73^ i, attempts at coumar in-conden­
sations with the uses of other dehydrating agents have certainly 
been tried.
•  5 •
i^uite as early as 1899 ( Ber. 1899, III, 569d ) Peohmann 
and Otto Schwarz have u&ed SnCl^ in alcoholic solution for 
dehydrating a mixture of p-amido-phenol and acetoacetic ester 
in the preparation of p-amido-methyl-coumarin.
N » \ / \
Here the method consists in mixing equal quantities of phenol 
and the ester and refluxing it with the addition of anliydrous 
EnClg in absolute alcohol. This preparation seems to have given 
a yield of 2 0 to 25;ï. ho loss by sulphonation is possible 
here, and in this the method scores an advai*tage over the 
H 2 SO4 method. It has been used by Peciimann and ilrafft ( Ber.
I90I, I. 424 ) in the preparation of coumarin-carboxylic ester 
( yield 3gms. for 5 gms. of phenol used ), and also by later 
workers from time to time.
Another early method for coumarins is that due to E.Siebort 
( Ber. 1905, I. 4 7 3  ) involving the use of HCl gas in warm 
glacial acetic acid solution. The original author prepares R-o- 
-pthalyl-aldehyde saure metjpl umbellif eron by this method. The
A
ester and the phenol are mixed in molecular proportions ana are 
dissolved in slightly warm glacial acetic acid. The solution is 
then saturated with dry KGl gas . This method has been used 
by later workers also ( Robinson and Baker, J.C.B. 1925 T. 2350 ).
An interesting method for coumarin synthesis is due to
•  6 -
Pechmann and Krafft ( Ber* 1901, 34, p* 423 )• Here the authors 
first of all acetylate the phenol and then condense it with tKt 
P'ketonic ester using for dehydration* The method has been
used for the preparation of p-methylasculetin* The acétylation 
of the phenol prtects it against the sulphonating action of 
concentrated sulphuric acid and this helps to give a better 
yield of coumarin*
In addition to,these several methods of coumarin synthesis 
withtthe use of phenols and p-Ketonic esters , there are others 
where phenols have been condensed with maic and malonic 
esters to get coumarin-carboxyl ic acids, which may be further 
hydrolysed to a simpler coumarin. Clayton states ( J.C.S. 1908,
T. p. 2018 } that phenols can be condensed with malic esters 
to give coumarin derivatives. He describes the preparation of
6-8-dimethyl-coumarin using i*3:4-Xyl»nol and malic acid with 
cone. HgSO^. He heats these substances for a few minutes and 
pours them on to crushed ice. A yield of is recorded. In 
J.C.S. I9I5 T, 1606, Bey describes the preparation of several 
coumarins where he mentions the use of ethyl malonate and 
resorcinol in the synthesis of ethyl-Jriydroxy-coumarin-4-aeetate, 
after the method described by Michael for condensing resorcinol 
with Bodiomelonate ( J.per.Chem. 1888, II, 37,469 )• A number 
of coumarin derivatives have been prepared by the condensation of 
phenols with acetone dicarboxylic acid. The latter has been 
condensed with naphthol to give Is2-naphthapyrone-4-acetic 
acid, and also with quinol, xylenol etc., all to give coumarin
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derivatives ( Bey, J#C*S* I9IS, T, 1606 )•
Coumarins have been prepared from nitriles also. Thus 
Mayer ( J. per. Chem.1903, 67, 342 ) benzo-aceto-di-nitrile
with resorcinol and obtained what has been proved 
to be 7 -hydroxy-4-phenyl oouauirin by Sonn ( ftwiuia» î'911» 41* 1» 
7 4 7 -^- Ber. I9I8, 5I,ï/82I ). Again Bargellini and Forti-Porli 
{ aazz. I9II, 41, i, 747 ) condensed p-jaethoxy-benzoyl-aceto- 
nitrile with resorcinol in the presence of conc. to get
7 • h y d r o x y —4 -p-msthoxy—phenyl coumarin.
Thus various methods have evolved for the synthesis of 
coumarins. But most of the existing coumarins have been prepared 
from p-ketonic esters by the methods of Pechmann and others.
Closely allied to and strictly analogous with the coumarins 
are the chromones. The name chr omone was first introduced by 
Kostanecki and Block ( Ber. 1 9 0 0 ,  33, 471 to 476 ) to designate 
pheno- -pyrone or benzo- -pyrone, as against benzo- -pyrone 
for the coumarin, and it is to Kostanecki and his collaborators 
that much of our early information on chromones is due.
Kostanecki and his collaborators have contributed a number 
of papers describing several of the complex chromones they 
have prepared. In all^the methods employed for these, there is 
but one central principle. The workers first obtain a complex 
benzo-ketone with a hydroxy or an ethoxy group in the ortho­
position to the ketone grouping, and then by a process of boiling 
with HI or HGl ( conc. ) a molecule of HgO^Bt(OH) is removed,
•  8  —
t h u s  e f f e c t i n g  a  r i n g - c l o s u r e .  And i n  m o s t  c a s e s ,  t h i s  f i r s t  
r i n g - c l o s u r e  p r o d u c e s  a  c o m p le x  c h ro m o n e  w i t h  a n  e a s i l y  
h y d r o l i s a b l e  h y d r o x y - g r o u p ,  w h i c h  on b e i n g  removed^, l e a v e s  a  
s i m p l e  c h r o m o n e .  A few  e x a m p l e s  may b e  q u o t e d  i n  i l l u s t r a t i o n .  
T h u s  K o s t a n e c k i  a n d  F r o e m s d o r f f  ( B e r .  1 9 0 2 ,  3 5 ,  59 t o  961 )
( a l s o  J . C . 3 .  1 9 0 2 ,  A. 303 ) p r e p a r e  e t h y l - h y d r o x y - 2 - n a p h t i i y l  
p y r u v a t e  ( I )  • T h i s  on b o i l i n g  w i t h  c o n c .  HCl l o s e s  w a t e r  a n d
‘“ / o ' ï v ,  ^
-Cenm.
g i v e s  a  c h r o m o n e j
C o — 0 4
I n  a n  i d e n t i c a l  m a n n e r ,  K o s t a n e c k i  a n d  H o y t a -ep  De W i l d t
A
p r e p a r e d  y - h y d r o x y - 7 - m e t h o x y  c h ro m o n e  f r o m  e t h y l - 2 - h y d r o x y -  
4 ; 6 - d i - r a e t h o x y - b e n z o y l - p y r u v a t e ,  by b o i l i n g  t h e  l a t t e r  w i t h  
c o n c .  HCl a n d  d e c o m p o s i n g  t h e  5 ; 7 - d i - m e t h o x y - c h r o m o n e  d i ­
c a r b o x y l i c  a c i d  so  o b t a i n e d  { B e r .  1 9 0 2 ,  3 5 ,  861  —  865  ) .
And so w i t h  t h e  s u i t a b l e  c o m p le x  p y r u v i c  a c i d  e s t e r j d e r i v a t i v e s
I ' /9oi^  3j', "
K o s t a n e c k i  and  o t h e r s  h a v e  p r e p a r e d  m o re  c h r o m o n e s . /  '* , /fo
A n o t h e r  s l i g h t l y  d i f f e r e n t  p t o c e s s  u s e d  by  K o s t a n e c k i  
a n d  h i s  c o l l a b o r a t o r s  i s  t h a t  o f  u s i n g  a c e t o - p h e r i o n e  d e r i v a t i v e s  
i n s t e a d  o f  t h e  p y r u v i c  a c i d  d e r i v a t i v e s .  H e r e  a l s o  t h e  p r o c e s s  
s i m p l y  c o n s i s t s  o f  e f f e c t i n g  a  r i n g - c l o s u r e  i n  t h e  a c e t o -  
p h e n o n e  d e r i v a t i v e  by b o i l i n g  i t  w i t h  t h e  c o n c e n t r a t e d  H C l .
T h i s  g i v e s  a  c h ro m o n e  w h i c h  i n  i t s  t u r n  may b e  u t i l i s e d  t o  
y i e l d  a  s i m p l e r  c h ro m o n e  by d e g r a d a t i o n .
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T h u s  z v o s t a n e c k i  a n d  l l a n n a c h  ( B e r .  1 9 0 2 ,  3 5 ,  866  t o  868  ) 
b o i l e d  w - p h e n a c e t y l - 2 ; 4 - d i - e t h o x y - a c e t o - p h e n o n e  w i t h  c o n c .  HI 
a n d  o b t a i n e d  t h e  f o l l o w i n g  r e a c t i o n : -
Oiir
 — ^  j l
— CiL/LovKjy*^^
O t h e r  e x a m p l e s  o f  t h e  same p r o c e s s  a r e  a f f o r d e d  by  t h e  
p r e p a r a t i o n  o f  3 : 3 * : 4 * ; 5*- t e t r a - h y d r o x y - f l a v o n e  f r o m  
2 : 4 - d i - e t h o x y - 3 * : 4 * :  5 * - t r i - m e t h o x y - b e n z o y l - a c e t o p h e n o n e  
( K o s t a n e c k i  & P l a t t n e r ,  B e r .  1 9 0 2 ,  3 5 ,  2544 ) .  G f .  a l s o  
K o s t a n e c k i  & Tarabor ( B e r .  1 9 0 0 ,  3 3 ,  330  ) a n d  K o s t a n e c k i  &
R o z y e k i  ( B e r .  I 9 0 I ,  3 4 ,  107 ) .
T h i s  p r i n c i p l e  i n t r o d u c e d  by K o s t a n e c k i  o f  r i n g - c l o s i n g  
s u i t a b l e  k e t o n i c  d e r i v a t i v e s  f o r  t h e  p r e p a r a t i o n  o f  c h r o m o n e s  
i s  r e a l l y  v e r y  i n g e n i o u s ;  a n d  t h e  v a l u e  o f  t h e  w o rk  c a n  now be  
b e t t e r  a p p r e c i a t e d  when o n e  c o n s i d e r s  how c l o s e l y  a l l i e d  i n  
p r i n c i p l e  a r e  t h o s e  m e t h o d s  o f  K o s t a n e c k i  t o  t h o s e  «4: r e v e a l e d  
by  t h e  w o r k  o f  R o b i n s o n  a n d  B a k e r  f o r  t h e  s y n t h e s i s  o f  
c h r o m o n e y e a  w i l l  b e  s e e n  l a t e r  i n  t h i s  a c c o u n t  ( R o b i n s o n  &
B a k e r ,  l o c .  c i t .  l a t e r  ) .
A f a i l  am o u n t  o f  w o rk  h a s  b e e n  a d d e d  t o  t h e  s t u d y  o f  c h ro m o n e n
by Ruhemann a n d  h i s  c o - w o r k e r s  a n d  f r o m  s u b s t a n c e s  o f  q u i t e
a  d i f f e r e n t  n a t u r e .  T h ey  s t a r t  w i t h  t h e  e s t e r s  o f  t h e  a c e t y l e n e
s e r i e s  a n d  c o n d e n s e  t h e m  w i t h  p h e n o l s  i n  t h e  p r e s e n c e  o f  c o n c .
•  10 -
s u l p h u r i c  a c i d  a s  a  d e h y d r a n t .  T h ey  d e s c r i b e  t h e  p r e p a r a t i o n  o f  
q u i t e  a  n u m b er  o f  c h r o m o n e s  by t h i s  m eth od #  A few  e x a m p l e s  may 
be  q u o t e d  by way o f  i l l u s t r a t i o n : -  e . g . ,  t h e  a u t h o r s  p r e p a r e d  
e t l i y l - p h e n y l - f u m a r a t e  by  c o n d e n s i n g  H a - p h e n o l a t e  w i t h  e t h y l -  
a c e t y l e n e - d i - c o r b o x y l a t e s .  T h i s  was t h e n  hy. d e h y d r a t e d  w i t h  
c o n c .  HgSO^ t o  g i v e  a  b e n z o - p y r o n e - m o n o - c a r b o x y l a t e  w h i c h  
on d i s t i l l a t i o n  i n  v a e u o  l o s e s  COg t o  g i v e  ^  f
/ / / 4  )  7VC, t h e  p a r e n t
s u b s t a n c e  o f  f l a v o n e i a n d  t h e  y e l l o w  p l a n t  d y e s  s u c h  a s  c h r y s i n e ,  
q u e r c e t i n  a n d  f i s e t i n .  The  a u t h o r s  h a v e  t h u s  p r e p a r e d  s e v e r a l  
c h f o m o n e s .  F o r  e x a m p l e ,  t h e y  h a v e  u s e d  c r e o s o x y  f u m a r i c  a c i a s  
t o  g e t  b e n z o - p y r o n e s  ( J . G . ^ « I 9 0 I J  T.  4 7 0 ,  Ruhemann a n d  B a n s o r  ) 
I n  J . C . S .  1 9 0 1 ,  T.  9 1 8 ,  Ruhemann a n d  h a s  e x t e n d e d  h i s  s t u d y  
u s i n g  t h y m o l  a n d  c a r v a c r o l  a n d  t h e r e  h e  a e s c r i b e s  some m o re  
c h r o m o n e s  s u c h  a s  5 - p r o p y l - 8 - m e t h y l - I ; 4 - b e n z o - p y r o n e  e t c .
Now com es  t h e  w o rk  o f  S i m o n i s  a n d  h i s  c o l l a b o r a t o r s .
T h i s  i s  w o r t h  c o n s i d e r i n g  i n  some d e t a i l  a s  i t  m a r k s  an  
i m p o r t a n t  p o i n t  i n  t h e  s t u d y  o f  b e n z o - p y r o n e s  ( B e r .  I 9 I 3 ,  
p .  2 0 1 4 ,  P t t ^ c h e k  & S i m o n i s  )
H i t h e r t o  s i n c e  t h e  w o r k  o f  P e c  imann a n d  h i s  w o r k e r s  
i t  w a s  r e c o g n i s e d  t h a t  j ^ - k e to n i c  e s t e r s  c o n d e n s e  w i t h  p h e n o l s  
i n  t h e  p r e s e n c e  o f  d e h y d r a t i n g  a g e n t s  t o  g i v e  c o u m a r i n s .
As f o r  s u c h  d e h y d r a t i n g  a g e n t s  , s e v e r a l  h a v e  b e e n  u s e d ,  
c o n c .  HgSO^, 73 ^  H^SO^, Z n C lg ,  HCl g a s  e t c .  ( s e e  t h i s  
a c c o u n t  Latea* e a r l i e r  ) I n  t h i s  f o r m a t i o n  o f  c o u m a r i n s  t h e
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reaction was suppooed to be proceeding in the following 
manner
But, Simonis while he recognised the above change to take 
place when the dehydrating agents enumerated above were used, 
explained that when v/as used instead, the reaction took
an entirely different course resulting in the formation of 
chromones in the place of coumarins.
U  o
H / C -  H
0
l-io, 3
None of the previous workers however have used P^O^ in 
this manner. The process has been described by Petschek and
-  12 -
Simonis { Ber. 1913» Pro. 14 ) for the preparation of di­
methyl chromone from phenol and methyl-acetoacetio eater.
It consists merely in mixing equal quantities of the ester and 
the phenol with excess of P^O^ and warming on a water bath 
with constant stirring. The resulting viscid mass is poured 
on to ice and the resulting solid purified. In the same paper, 
after preparing the dimethyl-chromone, the authors have 
tried to bring forward a proof to substantiate the fact that 
the substance of thier reaction is a chromone and not a 
coumarin. They have hydrolised the chromone with sodium alco- 





They regard this fission along the line indietitcd as a 
sufficient proof for the substance to be a chromone.
In a later paper ( Ber. I9I4, 47, 2229 ) Siraonis utilises 
his reaction to attempt the prepara;^ion of certain other
-  13 —
chromones# By condensing methyl-methyl-acetoacetate with 
resorcinal, the author gets 7-hydroxy-2:3-diiQethyl-chromone 
which has already been prepared by Eostanecki and Lloyd ( J.C.o.
A. 735. ; Ber. 1901, 34, 2942 —  2950 ) by acetylating 
propionylresorcinol-mono-ethyl-ether
with acetic anhydride and sodium acetate, and hydrolysing the 
product.
In his critcism of the methods known for the synthesis of 
chromonea. Baker ( J.G.S. 1925, T. 2349 ) agrees that Simon!s 
and his collaborators have prepared chromone^by the PgO^ method 
and expresses his belief that the reaction is of a general 
application. A mark of caution is necessary here, because 
though in some cases Simonis claims to have prepared chromones 
which compare favourably with known chromones made by Kosta- 
necki and others ( Eostanecki and Lloyd, loc. cit. ), still,
out
with^further CLoaaidera-hlan. investigation the reaction cannot 
be taken to be of a general application. For, &âfter all, the 
proof which Simonis gives for callingüi his substances chromones 
is based on the same principle as that brought forward by 
Jacobson and Ghosh ( see later loc. ci%. ), namely of hydro- 
lising the substances and studying then nature of fission 
produced. This kind of proof, as will be seen later, has been 
amply criticised by Baker himself and has been disposed of as 
any safe factor in distinguishing the chromones and coumarins.
In this light then, it seems yet too early to accept the
-  14 )
Simonis reaction as being of a general application.
One simple Reaction may be tried to test the Simonis 
reaction. As will.be seen later, Baker and Robinson have fully 
investigated the method of Beckmann and others of condensing 
p>-ketonic esters with phenols using and have esta­
blished that this reaction only gives coumarins. If fehen a 
particular ester is condensed with the same phenol using H SO 
and then using P^O^, and if the two reactions give two diff-e-rent,
IDet/ricflL
but i'Cromeric products, the Simonis reaction may be relied upon 
with greater certainty. Pending such scrutinising study, the 
reaction explained by Simonis cannot be directly accepted as 
being of a general application.
The work of Jacobson and Ghosh may now be reviewed ( Jacob­
son & G h o s h , a  J.G.S. 1 9 1 5 ,  T. p p .  4 2 5 ,  9 5 9 ,  I 0 5 i ;  and Ghosh, ibid. 
T. 106 ). They have synthesised what they called chromones 
by a method identically the same as that described b y Pechmann 
and collaborators { loc. cit. ) for synthesising coumarins, 
namely, the one by condensing j2>-ketonic ester with phenols in
conc. H SO .
2 4
In analogy with Bulow and Wagner’s work ( Ber. 1900, 34,
II98 ) and other work privately commubicated by Collie and White, 
Jacobson and Ghosh expected to get chromones by interacting 
ethyl-acetoacetate ( with both its E-atoms substituted ) with 
phenols in H SO . This expectation failed as the reaction did
w t:
not work. But they still entertained the hope of getting curomonec
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e v e n  f r o m  m o n o - s u b s t i t u t ed e t h y l - a c e t o a c e t a t e ,  i n  w h i c h  t h e  
r e a c t i c i t y  ofm t h e  m e t h y l e n e  h y d r o g e n  a to m  w as  d i m i n i s h e d u t o  
a  minimum by a p p r o p r i a t e  s u b s t i t u t i o n .  So one  o f  th e m  c a r r i e d  
o u t  t h e  c o n d e n s a t i o n  o f  e t h y 1 - e t h y 1 - a c e t c a c e t a t e  w i t h  r e s o r c i n o l  
a n d  g o t  a  p r o d u c t  t h a t  w a s  a  m i x t u r e ,  a n d  y e t  w h i c h  a n a l y s e d  
s a t i s f a c t o r i l y  t h o u g h  m e l t i n g  i n d e f i n i t e l y .  They i n t e r p r e t e d  
t h i s  r e s u l t  as b e i n g  due  t o  t h e  f a c t  o f  t h e  r e a c t i o n  h a v i n g  a  
p r o d u c e d  a  m i x t u r e  o f  a  ch ro m o n e  a n d  a  c o u m a r i n .  P rom  t h i s  t h e y  
c a l c p [ l a t e d  t h a t  a s  u n s u b s t i t u t e d  a n d  m e t h y l - s u b s t i t u t e d  e t h y l -  
a c e t o a c e t a e  g a v e  a  c o u m a r i n  a n d  t h e  e t h y l - s u b s t i t u t e d  e s t e r  
g a v e  a  m i x t u r e  o f  a  c o u m a r i n  a n d  a  c h ro m o n e ,  a  m o r e  h e a v i l y  
s u b s t i t u t e d  e s t e r  w o u l d  g i v e  s o l e l y  a  c h ro m o n e .  T hey  t h e r e f o r e  
s t a r t e d  w i t h  t h e  b e n z y l - s u b s t i t u t ed  e t h y l - a c e t o a c e t a t e  a n d  
c o n d e n s i n g  i t  w i t h  r e s o r c i n o l ,  p h l o r o g l u c i n o l  e t c .  a n d  b e l i e v e d  
t o  h a v e  o b t a i n e d  w h a t  t h e y  t h o u g h t  w e r e  c h r o m o n e s : -





They  t h e n  s e t  o f f  t o  p r o v e  t h e  c o n s t i t u t i o n  o f  t h e s e  00 c a l l e d  
c h r o m o n e s  by d e c o m p o s i n g  th e m  w i t h  a l k a l i  a n d  a s c e r t a i n i n g  t h e  
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T h ey  r e g a r d e d  t h i s  m a n n e r  o f  s p l i t t i n g  a s  s u f f i c i e n t  p r o o f  
f o r  c a l l i n g  t h e  p r o d u c t s  o f  t h e i r  r e a c t i o n s  c h r o m o n e s  a n d  
c l a i m e d  t o  h a v e  i n t r o d u c e d  a  new m e t h o d  f o r  t h e  s y n t h e s i s  o f  
c h r o m o n e s ,  " i n  a d d i t i o n  t o  t h e  i n d i r e c t  an d  d i f f i c u l t  p r o c e s s e s  
o f  K o s t a n e c k i ,  T a m h o r ,  K a g a i ,  R uh em an n ,  S i m o n i s  a n d  o t h e r s .* *
On t h e  w h o l e ,  J a c o b s o n  a n a  G hosh  b e l i e v e  t h a t  i n  c o u m a r i n  
a n d  c h ro m o n e  c o n d e n s a t i o n s ,  i t  i s  n o t  t h e  d e h y d r a t i n g  a g e n t  
t h a t  d i r e c t s  t h e  c o u r s e  o f  t h e  r e a c t i o n  so m u c h ,  b u t  t h a t  i t  i s  
t h e  n a t u r e  o f  t h e  s u b s t i t u e n t s  w h i c h  d e t e r m i n e s  t h e  c o u r s e  o f  t h e  
r e a c t i o n  by  d i m i n i s h i n g  t h e  r e a c t i c i t y  è f  t h e  h y d r o g e n  a to m  
i n  e t h y l - a c e t o a c e t i c  e s t e r .  T h i s  t h e n ,  i s  t h e  m a i n  i d e a  w h ic h  
l e a d s  t h e  w o r k e r s  t o  b e l i e v e  t h a t  i n  t h e  c a s é s  o f  so many 
b e n z o - p y r o n e s  t h e y  h a v e  s y n t h e s i s e d  f r i m  h e a v i l y  s u b s t i t u t e d  
a c e t o a c e t i c  e s t e r s  t h e y  h a v e  a l w a y s  g o t  c h r o m o n e s  a n d  n o t  
c o u m a r i n s f  a n d  t h e n  t h e y  t r i e d  t o  s u b s t a n t i a t e  t h i s  b e l i e f  b y  
t h e  a b o v e  p r o o f #  T h ey  t h e n  p r o c e e d  t o  d e s c r i b e  t h e  c o n d e n s a t i o n  
o f  b e n z y l - a c e t o a c e t i c  e s t e r ,  b e n z o y l  a n d  p h e n y l  p r o p i o n a t e ,  
e t h y l - p h e n y l - a c e t o a c e t a t e ,  e t c .  w i t h  v a r i o u s  m e m b e rs  o f  t h e  
p h e n o l i c  s e r i e s  a n d  c l a i m  t o  h a v e  o b t a i n e d  c h r o m o n e s  i n  a l l  
c a s e s #
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The a r g u m e n t s  a n d  c o n c l u s i o n s  o f  J a c o b s o n  a n d  Ghosh
h a v e  h o w e v e r  r e c e i v e d  a  v e r y  c a r e f u l  c r i t i c i s m  a t  t h e  h a n d s
o f  R o b i n s o n  a n d  B a k e r*  I n  ( J . C . S *  1 9 2 5 ,  T. p . 2349  ) B a k e r
h a s  a m p ly  c r i t i c i s e d  J a c o b s o n  a n d  G hosh  by a t t a c k i n g  t h e  v e r y
a r g u m e n t s  by  w h i c h  t h e y  e n d e a v o u r  t o  p r o v e  t h e  c o n s t i t u t i o n  of^
t h e i r  s u b s t a n c e s  a s  b e i n g  c h r o m o n e s  a n d  n o t  c o u m a r i n s *  As s e e n
b e f o r e  J a c o b s o n  andm G hosh  t r e a t  t h e i r  s u b s t a n c e s  v / i t h  3 3 ^
o r  5 0 ^  a q u e o t t s  c a u s t i c  p o t a s h  a n d  e x a m in e d  t h e  p r o d u c t s  o f
Stt
h y d r o l y s i s *  T hey  a s  a  r e s u l t r o f  h y d r o l y s i s  ( I )  a n  o - h y d r o x y  a c i d
( 2 )  a  n e u t r a l  k e t o n e *  They  t h e n  c o n t e n d  t h e m s e l v e s  w i t h  t h e  
a rg u i ï ie n t  t h a t  t h i s  k i n d  o f  f i s s i o n  i s  c h a r a c t e r i s t i c  o f  a  
c h r o m o n e ,  a n d  t h e r e f o r e  t h e i r  s u b s t a n c e s  a r e  c h r o m o n e s ,  a s  
a g a i n s t  c o u m a r i n s  w h i c h  w o u l d  h y d r o l y s e  o n l y  t o  g i v e  ( I )  a  
h y d r o x y  k e t o n e  a n d  ( 2 )  a  p h e n y l - p r o p i o n i c  a c i d .  B a k e r  f u l l y  
a t t a c k s  t h i s  a r g u m e n t  a f t e r  a  c a r e f u l  S tu d y  o f  t h e s e  p r o c e s s e s  
o f  h y d r o l y s i s  i n  t h e  c a s e  o f  t h e  c h r o m o n e s  a n d  t h e  c o u m a r i n s  
r e s p e c t i v e l y .  He t a k e s  t h e  so  c a l l e d  7 - * h y d r o x y - 3 - » b e n z y l - » 2 - m e th y l -  
b e n z o - T - p y r o n e  ( i n  r e a l i t y  t h e  i s o m e r i c  c o u m a r i n  ) p r e p a r e d  
by  J a c o b s o n  a n d  Ghosh  a n d  h y d r o l i s i n g  i t  g e t s  b e n z y l  a c e t o n e  
a n d  ( 5 - r e s o r c i l i c  a c i d .  He t h e n  t a k e s  t h e  a c t u a l  7 - h y d r o : x y - 3 -  
b e n z y l - 2 - m e t h y l - c h r o m o n e  p r e p a r e d  b y  C r a b t r e e  a n d  R o b i n s o n  
{ J . C . S .  I 9 I 8 ,  1 1 3 ,  p .  859  ) a n d  h y d r o l i s i n g  i t  g e t s  e x a c t l y
t h e  same n e u t r a l  t h ^  a&mA k e t o n e  a s  a b o v e ,  n a m e l y  
b e n z y l - a c e t o n e , a n d  b e n z y l - r e s a c e t o p h e n o n e .  T h i s  f o r m a t i o n  o f  t h e  
same n e u t r a l  k e t o n e  by  h y d r o l i s i n g  a  c o u m a r i n  on t h e  one  h a n d  
a n d  t h e  i s o m e r i c  ch ro m o n e  on t h e  o t h e r  i s  e x p l a i n e d  by  B a k e r
— 18 "
t h u s ; -
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I t  i s  e v i d e n t  f r o m  t h i s  t h e n ,  th a . t  i f  b o t h  t h e  c h ro m o n e s  and
t h e  c o u m a r i n s  on h y d r o l y s i s  a r e  c a p a b l e  o f  g i v i n g  t h e  same 
n e u t r a l  k e t o n e  w h ic h  t h e y  w e r e  n o t  s u p p o s e d  t o  g i v e  a c c o r d i n g  
t o  J a c o b s o n  and  G hosh ,  t h e  w h o le  a rg u m e n t  w e a k e n s  down and 
t h e  s t u d y  o f  t h e  e f f e c t s  o f  h y d r o l y s i s  c e a s e s  t o  be  any  s a f e  
c r i t e r i o n  f o r  d i s t i n g u i s h i n g  ch ro m o n e s  f ro m  c o u i / i a r in s .
I n  t h e  h y d r o l y s i s  o f  I I ,  r e s o r c i n o l  i s  a l s o  f o r m e d .  T h i s  
f o r m a t i o n  w as  e x p l a i n e d  by  J a c o b s o n  a n d  Ghosh by a s s u m in g  t h e  
d e c o m p o s i t i o n  o f  r e s o r c i l i c  a c i d *  But B a k e r  ( l o c .  c i t *  } 
e x p l a i n s  t h a t  when a n  a c t u a l  c o u m a r in  { chrom one  a s  J a c o b s o n  and  
Ghosh c a l l e d  i t  ) was  h y d r o l i s e d  r e s o r c i n o l  w as  p r i n c i p a l l y  fo rm e d  
and  v e r y  l i t t l e  r e s o r c i l i c  a c i d  so  t h a t  them  l a t t e r  i s  t h e  
b y e - p r o d u c t  n a d  n o t  t h e  f o r m e r ,  c o n t r a r y  t o  J a c o b s o n  a n d  G h o s h ’ s 
e x p l a n a t i o n .
A l l  t h i s  shows t h e  e x t r e m e  n e c e s s i t y  of c a u t i o n  n e e d e d  
i n  d e c i d i n g  t h e  c o n s t i t u t i o n  o f  c h ro m o n e s  a n d  c o u m a r i n s  by  
m e r e l y  s t u d y i n g  t h e  e f f e c t s  o f  h y d r o l y s i s  on th e m ;  t h e  m a t t e r
T ? / f -
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"being f u r t h e r  c o m p l i c a t e d  i n  c a s e s  w h e r e  R ~  m e t h y l
i n  t h e  a b o v e  f o r m u l a e ,  f o r  i n  s u c h  a  c a s e ,  n o t  o n l y  w i l l  I  a n d  
I I  a b o v e  b u t  a l s o  t h e  i s o m e r i c  c o u m a r i n  I I I  a n d  t h e  ch ro m o n e  
IV g i v e  t h e  same k e t o n e ,  a s  BaJcer h a s  e x p e r i m e n t a l l y  p r o v e d .
k
I n  a d d i t i o n  t o  a l l  t h i s  c r i t i c ! s m  a n d  t h e  new l i g h t  
t h r o w n  on t h e  e f f e c t s  o f  h j ^ d r o l y s i s  o f  c h ro m o n e s  a n d  c o u m a r i n s  
B a k e r ,  R o b i n s o n  a n d  o t h e r  c o l l a b o r a t o r s  h a v e  a c t u a l l y  p r e ­
p a r e d  mosÿ o f  t h e  t r u e  c h r o m o n e s  a n d  c o n t r a s t e d  t h e m  w i t h  t h e  
so  c a l l e d  c h r o m o n e s ,  i n  f a c t  t h e  i  s o m e r i c  c o u m a r i n s ,  o f
J a c o b s o n  a n d  G h o s h .  A l l ,  t h i s  t h e n  c o n c l u s i v e l y  d i s p r o v e d  
Y a c o b s o n  a n d  G h o s h ’ s ,  v i e w  t h a t  c h r o m o n e s  c a n  e v e r  b e  o b t a i n e d  
b y  c o n d e n s i n g  p h e n o l s  a n d  k e t o n i c  e s t e r s  w i t h  a n d
p l a c e s  t h e  i d e a s  o f  P ech m a n n  a n d  c o - w o r k e r s  on f i r m e r  g r o u n d s .
T he  m e t h o d  w h i c h  R o b i n s o n  a n d  B a k e r  h a v e  a d o p t e d  f o r  
s y n t h e s i s i n g  c h r o m o n e s  i s  t h e  f o l l o w i n g i -
T h ey  a c e t y l a t e  w i t h  a c e t i c  a n h y d r i d e  a n d  s o d iu m  a c e t a t e  
k e t o n e s  o f  t h e  t y p e  V a n d  e f f e c t  a  r i n g - c l o s u r e  t o  g i v e  a
c h r o m o n e .
Among t h e  c h r o m o n e s  t h e y  h a v e  p r e p a r e d  
b y  t h i s  m e t h o d  a r e : -
/
2 0  —
7 - h y d r o x y - S - b e n z y l - P - m e t h y l - b e n z o - Z - p y r one { C r a b t r e e  & 
R o b i n s o n ,  J . C . 3 .  I 9 I 8 ,  1 1 3 ,  p .  867 )
7 : 8 - d i - h y d r o x y - 3 - b e n z y l - 2 - m e t h y l - b e n z o - Y - p y r o n e  ( J » C . 6 .
1 9 2 5 , ,  T. p .  2355  )
-  h y d r o x y - 3 - p h e n y l - 2 - m e t h y l - b e n z o - Y - p u r o n e  ( B a k e r  & R o b i n s o n , )  
a n d  s e v e r a l  o t h e r s ,  i n c l u d i n g  a  n u m b er  o f  n a t u r a l l y  o c c u r i n g  
i s o - f l a v o n e s  a n d  f l a v o n e s  s u c h  a s  p r u n i t o l  e t c #  (
1 9 2 6 ,  T . p# 2714 )
F i n a l l y  i n  J . 0 . 8 .  1 9 2 9 ,  T# p .  1 4 6 8 ,  R o b i n s o n ,  B a k e r  
a n d  P o l l a r d  g i v e  a  new g e n e r a l  m e t h o d  f o r  s y n t h e s i s i n g  d e r i ­
v a t i v e s  o f  7 - h y d r o x y - i  s o f l a v o n e  f r o m  7 - m e t h o x y - i s o f l a v o n e - 2 -  
c a r b o x y l i c  a c i d  w h i c h  i s  s y n t h e s i s e d  b y  a  c o m p le x  p r o c e s s #
Of a l l  t h e  c h r o m o n e s  s y n t h e s i s e d  by  R o b i n s o n  a n d  B a k e r  
t h e  one  t h a t  m o s t  a t t r a c t e d  a t t e n t i o n  w a s  5 : 7 - d i - h y d r o x y - 3 -  
b e n z y  1 4 -m e th y l - c h r o m o n e  f r o m  b e n z y l - p h l o r a c e t o p h e n o n e  by  a c é t y l a ­
t i o n  a t  1 8 0 ^  C# a n d  s u b s e q u e n t  h y d r o l y s i s .  F o r ,  t h i s  b e n z y l -  
p h l o r a c e t o p h e n p n e  i s  v e r y  s i m i l a r l y  c o n s t i t u t e d  a s  t h e  s u b s t a n c e  
known a a  p h l o r e t i n  ( c f .  l a t e r  ) on t h e  a c é t y l a t i o n  o f  w h i c h  
a  p a p e r  w a s  l o n g  p u b l i s h e d  b y  C i a m i c i a n  a n d  S i l b e r  ( B e r .  1 8 7 4 ,  
27 , 1627 ) .
The  r e s t  o f  t h i s  a c c o u n t  w i l l  t h e n  ê e a l  i n  d e t a i l  w i t h  
r e f e r e n c e  t o  p r a c t i c a l  w o r k  c a r r i e d  o u t  on t h e  r i n g - c l o s u r e  o f  
t h i s  p h l o r e t i n ;  a n d  w i t h  a l l i e d  s y n t h e t i c a l  e x p e r i m e n t s .
P a r t  I I . S e c t i o n  ( 1 )  -  T h e o r e t i c a l .
S t u d i e s  i n  h y d r o x y — c a r b o n y l  c o m p o u n d s .
As h a s  a l r e a d y  b e e n  s e e n ,  R o b i n s o n ,  B a k e r  a n d  o t h e r s  
h a v e  p r e p a r e d  a  n u m b e r  o f  c h r o m o n e s  f r o m  k e t o n e s  o f  t h e  t y p e
" O
b y  a c e t y l a t i n g  th e m  w i t h  a c e t i c
OH o
.— -K a n h y d r i d e  a n d  s o d iu m  a c e t a t e  a t  180 C.
Co^ CH;^  ^ y
M o s t  s t r i k i n g  o f  t h e s e  i s  t h e  ch rom one
5 : 7  - d i h y d r  o%y-3 b e n z y l - 2  me t h y  1 - b e n z  o /  py r  o n e !  f  r  om b e n z y l p h l o r a c e t o -  
p h e n o n e .  W i th  a n a l o g y  t o  t h i s ,  i t  m i g h t  h a v e  b e e n  e x p e c t e d  t h a t  
p - h y d r o x y - b e n z y l p h l o r a c e t o p h e n o n e  o r  p h l o r e t i n ,  on a c é t y l a t i o n  
a n d  s u b s e q u e n t  h y d r o l y s i s ,  i n  a  s i m i l a r  m a n n e r  w o u l d  g i v e  
5 : 7 : 4 ’ t r i h y d r o x y  3 b € n z y l b e n z o - f p y r o n e j r ( s e e  f o r m u l a e  b e l o w ) .  B u t  
C i a m i c i a n  a n d  S i l b e r ,  who h a v e  a c t u a l l y  c a r r i e d  o u t  s u c h  a n  
a c é t y l a t i o n  o f  p h l o r e t i n ,  c a l l  t h e  r e s u l t i n g  b e n z o - p y r o n e ,  a  
c o u m a r i n  ( B e r .  1 8 7 4 ,  1 6 2 7 ) ,  a n d  s o  d o e s  W e s s l e y  ( M o n a t s c h .
1 9 2 9 ,  53 & 5 4 ,  p .  5 5 4 )  e v e n  i n  t h e  l i g h t  o f  B a k e r ’ s w o r k .  Of t h eA.
i n n u m e r a b l e  c h r o m o n e s ,  f l a v o n e s ^  a n d  i s o f l a v o n e s  due  t o  B a k e r ,
R o b i n s o n  a n d  o t h e r s ,  p r a c t i c a l l y  a l l  h a v e  b e e n  p r e p a r e d  b y  t h i s  
a c é t y l a t i o n  o f  t h e  t y p e  o f  k e t o n e  shown a b o v e ,  a n d  i t  seem s  
i m p o s s i b l e  t o  c o n t e n d  t h a t  P h l o r e t i n  a l o n e  w o u l d  f o r m  s u c h  a  
s i n g u l a r  e x c e p t i o n  t o  a l l  t h e s e  k e t o n e s  w h i c h  i t  r e s e m b l e s ,  p a r t i c ­
u l a r l y  t h e  p h l o r a c e t o p h e n o n e  -  a n d  i t  seem s f a i r l y  s a f e  t o  a ssum e  t h a t
w h a t  C ia m ic ia n  a n d  S i l b e r  h a v e  c a l l e d  T r i a c e t y l p h l o r e t y l  c o u m a r i n  i s
o .c e
o n l y  t h e  i s o m e r i c  c h ro m o n e  5 : 7 : 4 ’T r i me-t h ox y - S  b e n z y l - 2  m e t h y l
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c h r o m o n e .  S t i l l ,  i t  seem ed o f  i n t e r e s t  t o  r e p e a t  t h e  
w o r k  o f  C i a m i c i a n  a n d  S i l b e r  o f  p r e p a r i n g  i d i a t  t h e y  c a l l  
T r i - h y d r o x y - P h l o r e t y l - c o u m a r i n ,  m e t h y l a t e  t h i s ,  a n d  e x a m in e  
how f a r  t h i s  p r o d u c t  o f  m é t h y l a t i o n  w o u l d  c o m p a re  w i t h  
( 1 )  a  r e g u l a r l y  s y n t h e s i s e d  T r i - m e t h o x y - p h l o r e t y l - c o u m a r i n ,  
or - i -be ng y l »g^ nFBe-t h y l »eeumQr4n|"-Qi%d (2)  
a s y n t h e s i s e d  ch ro m o n e  i s o m e r i c  w i t h  t h i s  c o u m a r i n ,  i . e .  








P h l o r e t i n .
Work w as  t h e n  s t a r t e d  on  P h l o r e t i n  a n d  t h e  f o l l o w i n g  s cheme
was p u r s u e d : -  P h l o r i d z i n  --------- P h l o r e t i n   T r i a c e t y l -
s u b s t a n c e  —   T r i - h y d r o x y - p r o d u c t  ______  T r i - m e t h o x y p h l o r e t y l -
b e n z o p y r o n e .
A c c o r d i n g l y ,  P h l o r i d z i n ,  t h e  g l u c o s i d e  p r e s e n t  i n  t h e  
b a r k  o f  t h e  a p p l e ,  c h e r r y ,  p e a r ,  e t c . ,  w as  h y d r o l y s e d  b y  t h e  
m e t h o d  shown b y  S t a s  i n  A nn .  Chim. P h y s .  1 8 3 6 ,  6 1 ,  p .  367  
( c f .  R e n n i e ,  J . C . S .  1 8 8 6 ,  4 9 ,  8 6 4 )  a n d  p u r e  p h l o r e t i n  w as  
o b t a i n e d .
.  3 .
In acetylating Phloretin, there was one point of
interest. In J.C.S. 1930, Jan. p. 21, Johnson and
Robertson found that by acetylating 6 -hydroxy-2:4:4’-
Trimethoxy-p -phenyl-propicphenone at 1 0 0 with acetic anhydride
and sodium acetate have just an ordinary acetyl derivative
without any ring-closure. It therefore seemed a matter of
curiosity to try an acétylation (in the same way at .1 0 0 ^)
of Phloretin, which after all has the same constitution as
the above ketone, differing from it only in having hydroxyls
t
in 2 : 4 positions instead of methoxy groups, and see if tera- 
acetyl-phloretin could be the result. Accordingly then, 
Phloretin was mixed with excess of acetic anhydride and sodium 
acetate and was heated for 6 hours on a steam bath. The 
reaction mixture was cooled and poured into cold water to 
decompose the unchanged Ae^O during 24 hours. The fairly cleai* 
looking product was then filtered, washed and recrystallised. 
After several crystallisations, a pure substance was obtained, 
melting exactly as the Tri-acetyl body prepared by Ciamician 
and Silber. This gave the first clue to the idea that 
Phloretin underwent the same process of acétylation at 100^, as 
at 180^. The substitution of the 2 : 4  hydroxyls by 
méthylation evidently alters the reactivity of the substance 
to acétylation.
This acetyl body was then hydrolysed by a method which 
was more convenient than Ciamician and Silber’s of hydrolysing 
in conc. HI. It consisted in dcacetylating the pure, dry.
- 4 -
acetyl compound with methyl-ale oho lie caustic soda (8^ soln.). 
This product, though melting very indefinitely, analysed 
correctly enough to he called Tri-hydroxy-Phloretyl-henzo-pyrone.
At this stage, another acétylation of Phloretin was 
carried out - that by a process identically the same as 
Ciamician’ 8 (Ber. 1894, 27, 1627) the object being to ascertain 
whether this gave the same substances as those obtained above on 
the steam-bath. The acétylation certainly gave the tri-acetyl 
body though in a very crude form, and it required several 
crystallisations to get it in a state of analytical purity. It 
melted finally at 170°. This was then deacetylated as described 
above with alcoholic caustic soda, as the process of hydrolysis 
described by Ciamician (Ber. 1894, 27, 1632) by boiling with 
concentrated hydriodic acid proved to be far less convenient.
The deacetylated product was crystallised out of dilute
o
methyl alcohol, when it gave a body melting at 213 C - that is, 
exactly as Ciamician’s so-called Trl-acety1-Phlorety1-coumarin. 
(This, however, when reacetylated, again gave the above Triacetyl 
substance melting at 170°, and not at 173° as Ciamician states.) 
The sharp melting of this tri-hydroxy body at 213° was in strange 
contrast to that of the steam-bath method melting indefinitely 
at 204 to 209°C. The case presented some incomprehensible 
difficulty. The parent-triacetyl-bodies melted quite the same, 
and the difficulty was only with the de-acetylated body.
One solution to the problem was possible. If the de­
acetylated bodies v/ere separately methylated to completion and
-  5  -
the properties and analyses of the methylated products
compared, a similarity would prove that acétylation of
Phloretin, when carried out with excess of acetic anhydride
and sodium acetate, whether on a steam-bath at lOO^C or on
a gauze or preferably on an oil-bath at 180°C, produces the
same kinds of results| whilst dissimilarity in the properties
of these methylated products would prove to the contrary#
With this end in view, a méthylation of the product obtained
by acétylation at 100°C was first started, in acetone solution
with methyl iodide, using potassium carbonate. Refluxing
for 22 hours gave a completely methylated product (as tested
by PeCl ) which crystallised out in light, long needles,' o o
melting at 166 C. (method shown by Robinson, J.C.S. 1928, 
p. 1457).
The deacetylated product of the oil-bath methcÊd (m.p, 
213°) was also similarly methylated, the complete méthylation 
here also producing a substance identical with the above, m.p. 
166°, mixed m.p.l6 6 °C.
This result then proves the fact of the acétylation 
of Phloretin as proceeding in an identical manner, whether 
carried out at 180° on oil-bath, or at 100°C. Only the case 
of the two deacetylated substances melting differently 
baffles any attempt at a satisfactory explanation, though it 
may be perhaps contended that acétylation at 1 0 0 ° may retain 
some impurity which becomes pronounced in the deacetylated 
substance, and vAiich gets removed during méthylation. The
— 6  —
fact that the méthylation of the steam-bath substances takes 
22 hours as against 14 hours of the other one, and also the 
large amount of impure gum that separates in the purification 
of the former, lends some support to this explanation also.
The methylated product also bears absolute similarity 
to the 5:7:4’-Trimethoxy-3 benzyl-2 methyl-1:4 benzopyrone 
obtained by Johnson and Robertson (J.C.S, 1930, Jan. p. 21), 
by first me thy la ting Phloridzin, then hydrolysing it and ring- 
closing the 6 hydroxy-2:4:4 ’ -Trimethoxy (3 phenyl-propiophenone 
so obtained by acétylation at 180°C. (Of. Wessley, Monatsch, 
1929, 53 & 54, pp. 554-561). So far, then, is it clear that 
a certain definite benzo-pyrone is obtained from Phloridzin 
thus:-
(1 ) by hydrolysing it at the very start and acetylating 
whether at 100° or at 180°C, the Phloretin so obtained; and 
deacetylation and subsequent méthylation of this acetyl-benzo­
pyrone leads to the formation of the corrésponding Trimethoxy- 
benzo-pyrone.
(2) by first methylating the Phloridzin and then 
hydrolysing it, and ultimately acetylating the complex ketone 
so obtained, the above trimethoxy-benzo-pyrone being directly 
the result in this case.
Now the benzo-pyrone in question has to be given its 
proper constitution as being either a coumarin as Ciamician 
and Silber, and Wessley, call it, or a chromone as it clearly 
seems to be in the light of Robinson and Baker’s work. (Cf.
-  7  -
loc* cit.). To do this, as chalked out in the beginning, 
the synthesis of a known trlmethoxy-phloretyl-couinarin was 
undertaken.
As has been seen in the first part of this account, 
a very important method of coumarin synthesis has been 
introduced by von Pechmann and his collaborators y - (Ber.
1883, p. 2119), namely that of condensing ^-ketonic esters 
with phenols in the presence of dehydrating agents. Working 
downwards with the coumarin I. below, it is evident that 
the ester required for its synthesis is ethyl p-methoxy-phenyl- 
propio-acetate ( I I ) ,  which on condensing with phloroglucinol 
after the manner prescribed by Pechmann and others, mig%ct be 






Hence the synthesis of this ester II. was to be considered.
Now in (J.G.S. 1923, T. p. 1755) Atwood, Thorpe and 
Stevenson described the preparation of ethyl-phenylacetoacetate 
III. by condensing ethyIpheny1acetate with ethylacetate by 
refluxing a mixture in the presence of sodium wire in dry 
etherial solution. The ester II. above is but the higher
-  8  -
homologue of this ester III., only with a p-methoxy grouping 
in it. So, if in an identical manner, ethyl acetate could 
he condensed with elttyl-p-methoxy-phenyl-propionate, ester II. 
might be the result. Hence, for all this the preparation 
of ethyl-p-methoxy- /Sphenylpropionate was undertaken, according 
to the following scheme.
p-methoxy cinnamic acid -----  p-methoxyphenyIpropionic acid
  ^ its ester.
The paramethoxy cinnamic acid was prepared by the well known 
method of mixing anisaldehyde, malonic acid, pyridine and 
piperidine and heating the mixture for 8 hours on a steam-bath, 
refluxing the product for 2 hours, pouring into water, 
acidifying with HCl, filtering and crystallising the precipitate 
out of dilute alcohol. (Of. Perkin J.C.S. 1877, 31, 408; 
Einhom, Annal en 1883, 243, p. 363; Knoevenagel Ber. 1898, 51 
2606.).
This p-methoxy cinnamic acid was reduced with sodium- 
amalgam, and the p-methoxy-phenyl-propionic acid so formed 
was esterified with excess of ethylalcohol (absolute) and 
concentrated sulphuric acid. Now came the final stage for 
the synthesis of the ethyl-p-methoxy- ^phenylpropio-acetate 
(ester II.) and this was attempted with the above obtained p- 
methoxy-^ phenyl-propionate and ethyl acetate by the method 
of Atwood, Thorpe and Stevenson (loc. cit.) Unfortunately 
here, the condensation gave an ester which analysed badly, and
— 9 •
this held up the attempt at synthesising the Tri-methoxyphloretyl- 
coumarin.
At this stage it seemed advisable to transfer the attention 
on the possibility of synthesising the chromone corresponding 
to the trimethoxyphloretyl coumarin, i.e., 5 :7:4»trimethoxy- 
3 benzyl-2 methyl-1:4 benzo-pyrone IV. As has been seen alread;> 
the paper in Ber. 1913, p. 2014 by Simonis deals with a method 
of chromone synthesis based on the condensation of p ketonic 
esters with phenols with the use of phosphorus pentoxide.
So a synthesis of the above chromone IV. could be possibly 
achieved, if a suitable p ketonic ester, which would possibly 
condense with a phenol giving the required result, could be had.
In considering the possibility of coumarin synthesis above for 
tri-methoxyphlorety 1 -coumarin, it was seen that ethy 1 -p-methoxy- 
p phenylpropio-acetate if condensed with phloroglucinol in 
HgSO^, would give the required coumarin. So to get the 
corresponding chromone by the method of Simonis, it would be 
evident, as shown by the following formulae, that the ester needed 
is only an isomer of this above p-methoxy ester, that is, ethyl- 
p-methoxy-a benzyl-aicbtoacetate V. which with phloroglucinol 
would give the chromone IV. om subsequent méthylation of the 
hydr oxy-gr oup s.







Now to synthesise this ester, ethyl-p-methoxy-a henzyJaceto-
acetate was a comparatively simple task, as the ester most similar 
to it, namely ethyl-a benzyl-acetoacetate has already been known 
(Cf. Conrad and Bischoff, Annalen 204, p. 180). So it could 
certainly be more hopefully expected that just as Conrad and 
Bischoff had successfully condensed benzyl-chloride with sodio- 
acetoacetic ester in benzene solution, the p-methoxy-benzylchloridc 
could also be condensed with sodioacetoacetic ester to give 
p-methoxy-a benzyl-acetoacetic ester. Thust-
o^n-cH^
y c - H
The first stage in the synthesis was evidently the
preparation of p-methoxy-benzyl-chloride or anisylchloride. For 
this, p- meo-benzyl alcohol which was prepared from anisaldehyde 
by the Cannizarro method (Monatsch.1915, 34, 1963-2014) by 
refluxing with alcoholic caustic potash was chlorinated with 
PClg in the manner described by Cannizarro (Annalen 98, p. 191).
-  1 1  -
The anisyl-chloride so obtained was condensed with the sodio- 
acBbo-acetic ester prepared by reacting acetoacetic ester with 
sodium (powdered under Xylene) in dry benzene solution.
The reaction went on quite readily at the boiling temperature 
of benzene, and the required ethyl-p-methoxy-a benzyl-aceto­
acetate was prepared. It was characterised by preparing its 
phenyl-hydrazone in acetic acid solution.
The ester was then utilised for the expected chromone 
condensation. It was found to be exceedingly reactive with 
PgOg, and when a sample of it was mixed with phloroglucinol 
and PgO^, a rapid charring occurred even on gentle warming, and 
no product was isolated. The reaction when tried in cold 
did not proceed at all, even on keeping for several days. The 
case was that the ester, being very reactive, alv/ays reacted 
with PgO^ leaving the solid phloroglucinol alone as soon as the 
mixture was warmed, though in cold it did not react at all. 
However, it seemed probable that if the ester could first 
enter into an absolutely intimate mixture with phloroglucinol, 
its reactivity could possibly be slightly diminished so as to 
avoid rapid charring, and if a reaction took place it would 
affect the mixture as a v/hole, and not the ester alone. How 
the possibility of such an intimate mixture was not easily 
possible between the ester and the solid phloroglucinol. A 
new idea occurred at this moment. The use of phloroglucinol- 
di-methyl ether has been long known, in the synthesis of benzo- 
phenones by the Hoesh method; but the use of this ether in 
chromone synthesis has not been tried before. If now this
— 12 —
ether was used instead of phloroglucinol in this synthesis of the 
chromone, two advantages could be gained at one stroke. Firstly, 
the ether being a liquid, would certainly mix perfectly with 
the above ester, and this would probably help towards the 
successful working of the above Simonis reaction. Secondly, 
the use of the dimethyl ether would directly give the required 
tri-methoxy chromone with the above ester, without formation 
of the intervening di-hydroxy chromone as seen in the formulae 
above.
No time was then lost in giving a practical trial to this 
idea. The ester and the dimethyl ether were mixed and PgOg
added in slight excess. The mixture was left standing for
48 hours, was then warmed on a water-bath with s ome more PgO^, 
and the reaction went on with perfect success. On treating the 
reaction product with dilute caustic soda, a solid was obtained 
which crystallised out of alcohol and analysed quite satisfac­
torily. But the crystalline product of this reaction was
not at.all what it was expected to be. It was not at all the
5:7:4’trimethoxy-3 benzyl-2 methyl 1:4 benzopyrone which it 
v/as hoped would result by this mode of synthesis. It was quite 
a different product, melting sharply at 137^0.
This result could be due to either of the two causes - (1) that 
the benzo-pyrone from phloretin is not a chromone. But this 
seemed very unlikely, in the light of so much work and literature 
on the ring-closure by acétylation of such types of k3tones 
as phloretin happens to be.
•  1 3  —
(2) that the Simonis reaction does not give a chromone 
as it is supposed to give - at least not in cases of all p 
ketonic esters, if it does give chromones in any cases at all.
For after all the chief factor on which Simonis bases his 
argument for calling the product of his reaction a chromone is 
the one of hydrolysing his chromones and examining the nature of 
the split taking place. This factor has been thoroughly 
criticised by Baker (J.C.r. T.1925, p. 2349) with full reference 
to the work of Jacobson and Ghosh, in which the author clearly 
shows how the nature of the decomposition produced in a benzo­
pyrone by hydrolysis does not cast any reliable light on the 
constitution of the benzo-pyrone as to its being either a 
coumarin or a chromone. This criticism also applies to the 
work of Simonis, and in the light of his argument alone, it 
cannot be readily agreed that his reaction of p ketonic esters 
with phenols in the presence of will always give chromones.
It therefore seemed to be of utmost necessity to investigate 
this point fully, at least in the case of the esters of the 
type of oC-benzylacetoacetic ester.
A reference to the work of Jacobson and Ghosh shows that 
these authors had already ' condensed ct-benzylacetoacetic ester 
with phloroglucinol using conc, and got a substance m.p.
216^ C. which they called a chromone. (J.C.S. 1915, T, p.424.) 
But Baker has criticised this work and has actually prepared 
the real chromone corresponding to this and proved that this 
so-called chromone of Jacobson and Ghosh is only the isomeric
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coumarin. This then settles the point that oC-henzylaceto- 
acetic ester when condensed with phloroglucinol with conc. 
HgSO^ gives only a coumarin. Thus
t W 3  C/ -YX
If now this coumsLTin is methylated, it would give 5:7 dimethoxy- 
3 benzyl-4 methyl 1:2 benzo­pyrone. Well, now, the corresponding 
chromone isomeric with this would be 5:7 dimethoxy-3 benzyl- 
2 methyl-1:4 benzoipyrone, and if Simonis were right, this 
chromone ought to be obtained by condensing oC-benzyl-acetoacetic 
ester with phloroglucinol dimethyl ether, using PgOg, and in that 
case this product would be different from the above methylated 
coumarin of Jacobson and Ghosh. If, on the contrary, this 
product of Simonis’ reaction happened to be identical with the 
methylated coumarin, it is a clear fact that the Simonis 
reaction, at least when applied to cX-benzyl acetoacetic ester, 
gives definitely a eoumarin and not a chromone. Work to 
ascertain these facts was undertaken.
Ethyl cX-benzylacetoacetàte was prepared by condensing 
benzyl chloride with sodio-acetoacetic ester in benzene solution 
after the manner of Conrad and Bischoff (Annalen 284, p. 180) 
and the ester was prepared. It was also characterised by 
preparing its ph‘enyl-hydrazone. Then two experiments were 
tried with it.
I. The ester was condensed with phloroglucinol with SOjé
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HgSO^ by mixing the three together and keeping them in cold 
for 24 hours. The coumarin was purified and crystallised.
This was then methylated in acetone solution using 
methyliodide and anhydrous K^CO^ by refluxing for 6 hours. 
Filtration and removal of acetone left the methylated coumarin 
which crystallised out of dilute alcohol. It melted sharply 
at 173°C.
II. The same ester was condensed with phloroglucinol di­
methyl ether using PgOg and warming the mixture. The product 
was treated with dilute NaOH, washed and crystallised, m.p. 
173^C. Mixed m.p. with the above 173^0., and both products 
showed the same marked bluish fluorescence in conc. HgSO^ in 
ordinary light.
This absolute identity of the two substances definitely 
proves that GC-benzylacetoacetic ester gives a coumarin and 
none other when condensed with phloroglucinol, after the method 
of Simonis. So it remains an indisputable fact that the 
chromone synthesis is impossible with esters like ethyl- 
oC-benzylacetoacetate after the method of Simonis.
This fact then explains why the expected 5:7:4’trimethoxy* 
3 benzyl-2 methyl 1:4 benzopyrone was not obtained when 
ethyl-p-methoxy-a benzylacetoacetate was condensed with 
phloroglucinol-dimethyl ether in the presence of PgO^; the 
real product obtained by this reaction being merely the 




and the corresponding product from the ethyl- a  henzylacetoacetate 
being the ooumarln 5:7 dlmethoxy-3 benzyl-4 methyl-coumarln -
OClij iM3
At this stage a little scope for some new work seemed open. In 
JeC.S. 1930, Jan. 21, Johnson and Robertson have described a 
Hoesh reaction with phloroglucinol dimethyl ether and p-methoxy- 
phenyl-propio-nitrile. They separated the isomeric benzophenones 
8 0 obtained and acetylated the o-hydrox^f-ketone so prepared on an 
oil bath at 180^. They obtained a product exactly identical 
with the benzo-pyrone obtained from phloretin (m.p.l66^). This, 
as has been pointed out, differs from the coumarin VI. above.
Now it seemed of interest to try a similar synthesis to (Johnson 
and Robertson’s loc. cit.), using ordinary phenyl-propio-nitrile 
instead of the p-xnethoxy derivative, and try and synthesise the 
benzo-pyrone isomeric with the coumarin VII above In analogy 
with 5:7:4» Trimethoxy-3-benzyl-2-methyl ehro#one (above) this 
would be 5:7 dimethoxy-3 benzyl—l-methyl-chromone.
The phenyl-propio-nltrile was prepared by dehydrating the 
amide of the phenylpropionio acid. The phenylpropionic acid 
was prepared by reducing cinnamic acid with sodium amalgam. It 
was then purified by crystallisation, dried and was converted 
into its acid chloride by treating with PCI5 in dry chloroform
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solution* This solution was then added to 50% Portis 
ammonia solution, the chloroform layer separated, the 
chloroform removed, and the amide of the phenylpropionic acid 
was crystallised out of water and dried. This dry amide was 
then dehydrated to give the nitrile.
This nitrile was then condensed with phloroglucinol 
di-methyl ether after the method of Hoesh, following up the 
procedure of Klarmann (J.A.C.S. 1926, 48, 2358). An etherial 
solution of the nitrile and the di-methyl ether was saturated 
with dry HCl at O^C. in the presence of anhydrous zinc chloride. 
After 30 hours excess of ether was added and the solid was 
completely precipitated, filtered, and boiled with water for 
15 to 20 minutes. The aqueous layer was decanted, and the 
heavy oil was dissolved in alcohol, and allowed to cool.
2 hydroxy-4:6 dimethoxy-p phenyl-propiophenone crystallised out.
This propio-phenone was then subjected to ring-closure by 
acétylation on an oi1-bath at 180^0., with acetic anhydride and 
sodium acetate. The resulting product, 5:7 dimethoxy-3 benzyl 
2 methylchromone, m.p. 168^0., was markedly different from the 
isomeric coumarin prepared from a benzyl-acetoacetic ester, m.p. 
173^. The chromone was also far less fluorescent than the 
coumarin, dissolving to a colourless solution in cone. ,
which hardly showed any fluorescence in ordinary daylight. The 
4-hydroxy-2:6 dimethoxy-p phenylpropiophenone which was produced 
along with its ortho-hydroxy isomer in the above Hoesh synthesis 
was also isolated by boiling with water its ketimine which was
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d ep osited  out o f  the elo(A iollo f i l t r a t e  from th e f i r s t  
c r y s ta ll is a t lc » !  o f tW  above S-hydroxy-45 6 dimethoxy-p phenyl- 
propiophenone ,
So, whereas, t«a the one hand, the 5î7-dîm ethoxy-5 b en sy l-  
4 raethyl-ooum rin obtained by m ethylatlng tlie ooumarln sAiloh 
Ghosh bad o r ig in a lly  prepared from eth y l-c tb en sy l-a ceto a ceta te , 
and t i l l s  was proved t o  be id e n t ic a l  w ith the product o f  
con d onsatim  o f the same e s te r  w ith  p h lorog lu cin o l d i-m ethyl 
ether a f te r  the metliod o f Klmonls, tlie isom eric chrom<aie v iz .
5 :7  -d lae  thoxy-S b en zy l-8  nethyl-ohroraone was a ls o  prepared 
on the other hand, and the whole con trast between th ese  ooumarins 
and the isœ aer ic  chromone was com pletely  e s ta b lish e d . This 
then in d isp u tab ly  shows what tîie fim onls product w ith  the said  
e s te r  and p h lorog lu cin o l 6 iou ld  have been i f  I t  d id  g ive  a 
chromone, and a lso  what i t  a c tu a lly  i s ,  now th a t i t  has been 
proved to  be a coumarin.
The unexpected r e s u lt  from the rim onis rea ctio n  rendered 
the sy n th es is  o f the 5 :7 :4  *trim ethoxy-3 benzyl-2  m ethyl-1:4 
benzopyrono from the ethyl-p-m othoxy a b en zy l-acetoaceta te  
im p o ssib le . O ily the isom eric coumarin being obtained in  the  
course* Tlie fa i lu r e  o f tlie Atwood, Thorpe and ftevenson  method 
o f  condensing ethyl-p-m ethoxy-phenyl-propionabe w ith  a c e t ic  e s te r  
to  g iv e  e th y l-p -m eth y l-p h en y l-p rop io -aceta te  out o f f  the  
p o s s ib i l i t y  o f sy n th esis in g  the .tri-m othoxy-phlorotyl coumarin 
by th e o r ig in a lly  intended method. Now i t  seemed o f  in te r e s t  
to  Imve another go a t sy n th es is in g  th is  coumarin by a s l ig h t ly
-  19 -
different method - that of condensing a suitable malonic ester 
derivative with ï^loroglucinol, to give a coumarin-carboxylate, 
which, by partial hydrolysis to remove the carboxyl-group, 
might be made to yield the required coumarin. The process 
would work thus : -
  CooU-
£ H3 a  N c  H i -f
Cûûii-
2yC ~ d [- [-) - h i  ^ ,  j-} A 6Tvy i  -
o>r^ et:6 ?uci^o irx^atk ,
O H
c^ C. ~~ Coo}j!{
/'tc- ~
The process first required the preparation of the di-ethyl- 
p-meo-phenyl-propiomalonate. But a consideration of the 
difficulty involved in the preparation of the p-methoxy-ester 
directly, which meant the tedious preparation of p-methoxy- 
phenylpropionic acid and its acid chloride, pointed to the 
advisability of trying the synthesis of such an ester by first 
preparing the much simpler di-ethyl-phenyl-propiomalonate as a 
pilot reaction.
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The task was accordingly undertaken. The phenylpropionyl- 
chloride was prepared from its acid by chlorination in dry 
benzene solution, the benzene and the POCl^ were removed in 
vacuo,.and the acid-chloride was distilled under diminished 
pressure. This acid chloride was then condensed with sodio- 
malonic ester, prepared from sodium powdered under Xylene and 
malonic ester in ether solution. The reaction went on as 
expected, and on ether extraction and distillation, the ester 
distilled quite pure in vacuum. The di-ethyl-phenyl-propio- 
malonic ester was thus synthesised and correctly analysed.
An attempt was made to synthesise the di-ethyl-p-methoxy- 
p phenyl-propio-malonate. As above, p-methoxy-p phenyl­
propionyl chloride was condensed with sodio-malonic ester. An 
oil distilled at 195^0. under 25 m.m. But it analysed 
differently, due to some decomposition having taken place. The 
yield was exceedingly poor too, and it seemed that the long 
hoped 82/nthesis of tri-methoxy-phloretyl-coumarin could not be 
achieved by this means. The last method for reaching this 
aim seems to be in attempting some more .rigorous method of 
condensing the acetic ester with ethyl-p-methoxy-p phenyl- 
propionate, if that is possible.
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SECTION II. EXPERIMENTAL.
o
(1) Acétylation of Phloretin at 100 ,
Phloretin (10 g.) was mixed with acetic anhydride 
(65 gms) and anhydrous sodium acetate (65 gms.) on a steam-bath, 
using an air condensor for 8 hours. The product was poured into 
water, the excess of AcgO was allowed to decompose overnight, 
the solid was filtered, washed v/ith water and dilute alcohol, 
and crystallised out of 96% ef alcohol. After the first
crystallisation it melted at 168^ and further crystallisation
o
from alcohol or glacial acetic acid raised it to 170 . It 
crystallises in long,colourless, transparent needles.
Pound 0 = 65*2, H - 49. GggHgQOg requires C = ‘65*09,
(2 ) Dè-acetylation of the above product.
The pure acetyl-compound (5 gms.) was slightly warmed
with an 8/6 solution of NaOH in 96% alcohol (30 ccs.) to a clear
solution’. It was left in cold for two hours, after which
the alcohol was evaporated off on a water-bath and excess of
water added to the solution. The de-acetylated product was
precipitated thus. It was filtered, and it crystallised in
brownish-pink needles out of dilute methylalcohol or dilute
acetic acid. M.p. very indefinite, softening between 204 - 208,
and disappearing gradually until at 230° giving a black liquid.
It analysed fairly satisfactorily.
Found C = 68*1, H = 5*0. ^Oc requires C - 68*45,
H = 4*69.
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(3) Méthylation of the above de-acetylated product.
The pure substance (2*5 g.) dissolved in acetone (50 ccs.) 
was mixed with anhydrous potassium carbonate ( 1 0  gms.) and was 
refluxed on a steam-bath, with methyliodide ( 3  ccs.) added 
through the bulb-condensor. After 8 hours, a further portion 
of methyl iodide ( 2  ccs.) was added and the heating continued 
until a test-portion ceased to give a coloration with FeCl^ in 
alcohol solution. This reaction in all needed 23 hours of
refluxing. After this time the hot reaction mixture was 
filtered off from the KgCO^, the acetone was removed in vacuum, 
and the syrupy residue was crystallised out of 96% methylalcohol. 
Several crystallisations and filtrations were needed to purify 
the crystalline product from the much adhering gummy impurity.
o
It at last was deposited in light, feathery needles. M.p. 166 C. 
mixed m.p. with 5:7:4*trimethoxy-3 benzyl-2 methyl-1:4 benzo- 
pyrone of Johnson and Robertson (loc. cit.) 166°C.
Found 5 =70*4, H = 6*1. CgoEgQOg requires C * 70*6, H « 5*9 
It is insoluble in ether, and dissolved slowly in 96% ethyl and 
methyl alcohols on gentle boiling. It dissolves in cone. HgSO^ 
giving a bluish fluorescence visible only under the arc.
Acétylation of Phloretin at 180°.
Here the process was cai^ried on exactly as in the previous 
case of acétylation at 1 0 0 °, and using the same quantities, but 
using an oil-bath at 180° instead of a steam-bath. Heating 
was continued for 6 hours, excess of ACgO was decomposed by 
standing in cold water. Filtration and crystallisation out
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of 96% alcohol several times, gave a glistening, transparent
needle-shaped product m.p. 170°C.
Pound C » 65*0, E =• 4*9. requires C = 65*09
H = 4*76.
Hydrolysis of the above product.
The pure acetylated product was de-acetylated exactly’ 
as on the previous occasion with 8% NaOH in 96% methyl alcohol, 
using exactly the same quantities. The product was précipita 
ted with water and crystallls ed out on dilute acetic acid.
After one crystallisation it was deposited in dirty-pinkish, 
crystalline needles (not yellow as Ciamician says) m.p. 213° 
sharp.
Found C = 68*3, H = 4*8. C^wH-iaOc requires C = 68*45,
H = 4*69.
Méthylation of this de-acetylated product.
This also was carried out in an identical manner with 
that for the de-acetylated product of the steam-bath method.
The product of méthylation here crystallised and purified 
much more easily. M.p. 166°0. mixed with the above methylated 
product, and also with the 5:7:4’trimethoxy-3 benzyl-2 methy1- 
1:4 benzopyrone, m.p. 166°C.
(Cf. Johnson and Robertson, loc,cit*
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Preparation of Ethy1-p-methoxy-p phenyl-propioacetate.
(sq) Para methoxy cinnamic acid was prepared by heating a 
mixture of anisaldehyde (30 gms.), malonic acid (40 gms.), 
pyridine (160 ccs.), piperidine (*5 ccs.) on a water bath for 
8 hours using an air ee^idensor and then refluxing on a gauze 
for 2 hours. The product was poured into excess of water 
and acidified with HCl. The precipitate was filtered, washed, 
and crystallised out of dilute alcohol in colourless needles, 
m.p. 170°C. Yield = 40 gms.
(b) The above acid (40 gms.) was dissolved in 500 ccs. 
water containing NaOH ( 8  gms.) and was reduced with 2&% sodium 
amalgam (1700 gms.) until a test portion (washed and purified) 
ceased to decolourise KMnO^ solution. It was then filtered 
and precipitated with SOg gas, after adding to the solution
a few CCS. of strong KMnO^ solution. The product was purified 
by re-dissolution in NaOH solution and re-precipitation with 
SOg. m.p. 104°C.
(c) The pure p-methoxy-phenyl-propionic acid prepared in
(b) was esterifled thus :- The pure acid (50 gms.) was dissolved 
in 300 ccs. absolute ethyl alcohol containing 30 ccs. conc. 
sulphuric acid, and the solution refluxed for 6 hours on a steam* 
bath. The product was poured on to crushed ice mixed with 
sodium carbonate, just enough to render the solution alkaline 
on being stirred with it. The mixture was then extracted with 
ether, dried over powdered CaClg, the ether removed, and the 
ester distilled in a vacuum. It came over as a colourless
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oil at 162-163°C. under 25 m.m. pressure. Some 200 gms. of 
it were prepared. It has a pleasant fruity odour.
Found C = 69*0, H = 7*5, C1 2ÏÏI6O3 requires 0 = 69*2, H = 7»7.
(d) This ethyl-p pheny1-propionate (65 g.) was then mixed witl 
©thyl-acetate (92 gms) and the mixture was added on to sodium- 
v/ire (23 gms) in 600 ccs. of dry ether. The mixture was
refluxed for 6 hours and was then poured on to crushed ice
with s tirring. It was acidified with cold, dilute EgCO^ and
extracted with ether. On removing the ether, the product was
distilled at 136°C. under 14 m.m. pressure. It analysed 
unsatisfactorily.
Preparation of Ethyl-p-methoxy-g hengyl-acetoacetate.
(a) Preparation of anisic alcohol was done by the method 
of Cannizarro, by refluxing anisaldehyde with alcoholic 
potash for 10 hours. The anisic acid was removed end the 
anisylalcohol was converted into the anisyl-chloride as 
described below. (Annalen 98, p. 189).
(b) This anisalcohol was then chlorinated with PClg as
suggested by Koeniggs and Bernhart (Ber. 41, p. 499). The
alcohol was refluxed with slight excess of PClg_ in dry benzeneo
solution. The benzene and the excess PGI5 etc. were removed 
in vacuo and the anisylchloride was distilled. It distilled 
at 3.2 2 ° under 16 m.m. pressure. It is a colourless, pungent
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liquid which d©composes on exposure to air.
(c) For the actual preparation of Ethyl-p-methpxy-a benzyl- 
acetoacetate, sodium (9 gms) was powdered under Xylene, the 
Xylene was removed, and the sodium was covered with dry benzene 
(500 ccs.). It was then refluxed for an hour with freshly 
distilled ethyl-acetoacetate (50 gms.) and the sodio-acetoacetic 
ester so formed was kept over-night. The above anisylchloride 
(60 gms.) was then added to it slowly through the condensor.
No reaction was apparent in the cold, but at the boiling 
temperature of benzene there was a brisk ebulition, and the 
solid was all dissolved rapidly and was soon replaced by a 
fine suspension of NaCl in the benzene solution. The 
reaction mixture was allowed to reflux for 6 hours, #ien it 
was cooled, the sodium chloride formed was dissolved in a few 
CCS. of water, and the mixture was acidified with glacial 
acetic acid, and the benzene-layer separated. The aqueous 
layer was extracted 3 times with a large volume of benzene, 
and the total extract was dried over powdered CaClg. The 
benzene was distilled, and the residue subjected to distillation 
in vacuum. Unchanged acetoacetic ester came over up to about 
120° under 30 m.m. Then the temperature rose steadily and 
some liquid which afterv/ards proved itself (by its change in 
colour on exposure) to be usTlchanged anisylchloride distilled 
up to about 155° under 30 m.m. Finally at about 210°C. under 
30 m.m. the ester started distilling. It was purified by
redistillation at 203°C under 22 m.m. Yield was only about
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30% of theory, much of the ester condensing with Itself 
to form a dark, thick residue.
Found C = 67*6, H =7*3. C2.4H 1 3O4 requires C = 67*2, H = 7*2,
The ester has a characteristic, slightly pungent odour. It 
gives a red colouration with PeCl^ in alcoholic solution. It ii 
very reactive, and chars on warming with PgO^.
The phonyIhydrazone of Ethyl-p-methyl-g henzylacetoacetate.
The ester (1 cc.) was mixed phenyIhydraz one (1 cc.) and 
glacial acetic aciddi cc) and the whole mixture, diluted with 
water ( 1 0  ccs.) was warmed on a water-bath for 2 0 minutes.
The reaction mixture was poured into cold water and was allowed 
to stand for a long time, when a solid was deposited. This 
was washed, ahd crystallised out of dilute alcohol in long, 
colourless needles. M.p. 163°C.
Found N = 8 *6 . ^g0%4^3^2 % = 8*23.
The Simonis reaction with ethyl-p-mathoxy-a benzyl-aceto- 
acetate, resulting in the preparation of 5:7:4’Trime thoxy-3 
benzyl-4 methyl coumarin:- The ester (2*5 g.), Phloroglucinol 
dimethyl ether (1«6 gms.), PgOg (3 gms.) were mixed and the
mixture was kept In cold for 48 hours. It was then warmed
for 3 to 5 minutes with a fresh addition of Pg0 5 ( 2  g.), and
when cool was treated with 2% solution of NaOH. The 
residue was filtered and crystallised out of methyl alcohol. 
Yield *4 gms. in needle-shaped crystals. M.p. -
Found C « 70*6, E » 6*3. 020^20^5 i*equires C * 70*6, H « 5*0
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Its solution in conc. RgSO^ showed properties similar to the 
6 ;7 -dimethoxy-3 benzyl-4 methyl coumarin described below.
Ethyl-a benzyl-acetoacetic ester.
This was prepared in exactly the same manner as was 
the above ethyl-p-methoxy-a benzyl-acetoacetate, by refluxing 
benzylchloride (60 gms.) with sodio-acetic ester in dry benzene 
solution. Yield 28 gms. Its phenyIhydrazone was prepared
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as in the previous case. Colourless needles, m.p. 136 0.
Found K = 9*03, requires ÎT = 9*3.
I, Preparation of 5:7 dimethoxy-3 benzyl-4 methyl-coumarin.
The ethyl-a-benzyl-acetoacetate (3 gms.) was mixed with 
phloroglucinol ( 5  g.) and was stirred with a slow addition of 
80% HgSO^ (3 to 4 COS.). The mixture was kept for 24 hours, was 
poured into water, the solid filtered and dissolved in dilute 
NaOH and precipitated with COg. The precipitate was again 
washed and crystallised out of dilute acetic acid. M.p. 216°C. 
(Cf. Ghosh.)
This product (2 g.) was then dissolved in 2 0 ccs. dry 
acetone and was refluxed with methyliodide ( 1 0  gms., in small 
doses) in the presence of anhydrous KgCO^. After 6 hours the
acetone solution was filtered from the KgCOg, and removal of 
acetone in vacuo left the slightly crude 5:7-dimethoxy-3 benzyl- 
4 methyl-coumarin. It was crystallised out of dilute alcohol
in colourless needles, m.p. 173°C.
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ît dissolved in conc. HgSO^ forming a solution showing a marked
bluish-green fluorescence in ordinary light. 73-3^ /-/r 5'
^  C-z. 7j, jT^ H zi S '2 r
II. The a benzyl-acetoacetic ester (5 g.) was mixed with 
PgOg (4 g.) and phloroglucinol-dimethyl ether (3.g.) and the 
mixture was warmed for 15 minutes on a water-bath with 
occasional stirring. The reaction mixture was then poured
into water, and treated with a 2% NaOH solution. The solid
residue was filtered and crystallised out of dilute alcohol. 
M.p. 173°, mixed m.p. with the above 6:7 dimethoxy-3 benzyl-4 
methyl-chromone » 173°. Both these substances fluoresce 
similarly in conc. EgSO^ solution.
Synthesis of 5:7-dimethoxy-3 benzyl-2 methyl chromone.
(a) Phenyl propionic acid was prepared by the usual 
reduction of cinnamic acid (100 g.) in NaOH solution with 
sodium amalgam. The product was filtered, and precipitated 
with SOg. M.p. 47°C.
(b) The acid chloride of the phenylpropionic acid was 
prepared by dissolving the acid in chloroform and chlorinating 
with PClg. The product was poured into 50% Portis ammonia 
solution, the chloroform layer was separated, chloroform moved 
and the phenyIpropionamide was crystallised out of boiling 
water. M.p. 1C4°0.
(c) The amide was then converted into its nitrile by 
distilling the dry amide with PgO^ in vacuo. About 50 gms.
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of the acid amide gave 29 gms. of the nitrile.
(d) The nitrile was then subjected to Hoesh synthesis after 
the manner of Klarmann. The nitrile (12 g.), dimethyl ether 
of phloroglucinol was dissolved in dry ether (70 ccs.) and 
was saturated with HCl at 0°C, in the presence of anhydrous 
ZnClg (3 g.). After 30 hours, the precipitation was com­
pleted by the addition of ether (160 ccs.), and the filtered 
product was boiled with water (75 ccs.) for 15 to 20 minutes.
The aqueous layer was decanted, and the heavy, oil was dissolved 
in the least amount of boiling absolute alcohol. On cooling,
2 hydroxy-4;6 dimethoxy-3 phenyl-propiophenone (5 to 6 gms.) 
in thin hexagonal plates was deposited, which after further 
crystallisation melted at 105°C.
Pound C = 71*1, H • 6*4. C^yE^gO^ requires C « 71*1, H • 6*4. 
The substance gives a violet coloration with PeCl«.
V
(e) This propiophenone (4 g. ) was then heated for 16 hours 
with acetic anhydride (30 ccs.) and sodium acetate ( 7 gms.) 
on an oil-bath at 180°C. On pouring into water and decom­
posing the ACgO, the 5:7 dimethoxy-3 benzyl-2 methyl-chromone 
crystallises out of methyl alcohol in tufts of long hair-like 
needles; m.p. 168°C., and markedly differs from the 5:7 di­
methoxy-3 benzyl-4 methyl-coumarin in the nature of its 
fluorescence which is hardly visible in ordinary day-light.
Pound C = 73*3, E = 6*9. C^gE^gO^ requires C = 73*54, H = 5*8
(f) 4 hydroxy 2:6 dimethoxy-p phenyl-propiophenone*
The alcoholic filtrate from the first crystallisation of the
-  3 1  .
2 hydroxy ketone on standing, deposited crystals (3 to 3*5 gms.)
of the ketimine of the 4-hydroxy isomer, which when purified
crystallised from ethyl-alcohol in pal© yellow rods m.p. 206-
208°C. { decomp.) Boiling with water (30 ccs.) for 16
minutes gave an oil soluble in 50% alcohol from which the
4 -hydroxy-2 ; 6  dimethoxy-p phenyl-propiophenone crystallised
in very long, thin, rectangular plates m.p. 72°C. On drying
over PgOg in vacuo, the solid lost in crystalline form to a
o
large extent, and then melted at 104-105 . This isomer only 
gives a pal©-yellow colour with FeCl^.
The mother-liquor of the alcoholic crystallisation on 
evaporation left an oil which partly crystallised and contained 
more of the 4-hydroxy isomer produced by the partial hydrolysis 
of the ketimine during the original 15 to 20 minutes boiling.
Found G = 70*8, H = 6 *8 . 3^364 requires C « 71*32, H « 6*29
Preparation of Di-ethyl-p pheny 1-propio-malonic ester.
(a) Phenyl-propionyl chloride was prepared from pheny 1-pr opi o- 
acetic ester, which was prepared by reducing cinnamic acid with 
sodium amalgam. The phenyl-propionic acid (60 gms.) was 
mixed with thionylchloride (84 ccs.) and was warmed under reflux 
for ^ hour. The reaction mixture was dissolved in dry benzene 
and the benzene and excess of thionyl chloride were removed in 
vacuo. The residual acid chloride was distilled in vacuum 
at 121°C. under 16 m.m.
-  32 -
(b) The dtethyl-p phenyl-malonic ester was then prepared 
by condensing the above acid chloride with sodio-malonic 
ester thus:- Sodium (7*5 gms.) was powdered under Xylene and 
covered with dry ether in the usual way. Malonic ester (50 
gms.) was added drop by drop through the condensor, and the 
thick, bulky sodio-malonic ester so formed was refluxed f a r  
^ hour in ether, and allowed to stand over-night. Pheny1-
propionyl-chloride was then added to the above sodio-ester, 
in cold, but on warming the expected reaction was started.
After 8 hours heating, the reaction product was cooled, the 
NaCl formed was dissolved in a few ccs. of water, the mixture 
was acidified and extracted with ether. The extract was 
shaken with some NagCOg solution, washed,and dried over CaClg , 
then subjected vacuum distillation after removal of the ether 
on an electric water-bath. The malonic ester distilled 
up to 130 °C under 22 m.m., and finally the die thy 1 -p -phenyl
malonic ester came over at 156°C. under 22 m.m.
Found C s 66*0, H = 7*2. CngHgQOg requires C » 65*7 or 8
H - 6*8
It is a slightly yellowish oil, with a fairly pungent smell. It
gives a deep red coloration with PeCl^ in alcoholic solution.
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The C i n c h o n a  A l k a l o i d s  a n d  S u b s t a n c e s  R e l a t e d  t o  Them.
1 .
ABSTRACT. '
A s h o r t  s u rv e y  i s  g i v e n  o f  t h e  known f a c t s  r e g a r d i n g  t h e  
r e l a t i o n  b e tw e e n  t h e  c o n s t i t u t i o n  and  t h e  a n t i m a l a r i a l  a c t i v i t y  
o f  t h e  c h i e f  c i n c h o n a  a l k a l o i d s ,  and  i t  i s  c o n c l u d e d  t h a t  f u r t h e r  
i n f o r m a t i o n  on t h i s  m a t t e r  can  b e  o b t a i n e d  i n  two w a y s ;
( 1 ) .  By i n v e s t i g a t i n g  t h e  d e g r a d a t i o n  p r o d u c t s  and some o f  t h e  
s i m p l e r  d e r i v a t i v e s  o f  t h e s e  a l k a l o i d s .
( 2 ) .  By p r e p a r i n g  some s y n t h e t i c  s u b s t a n c e s  which  c o n t a i n  c e r t a i n  
c h a r a c t d r i s t i c  f e a t u r e s .
U n d e r  h e a d i n g  ( 2 ) ,  a  l a r g e  number o f  compounds o f  t h e  g e n e r a l  
f o r m u l a :
h a v e  b e en  s y n t h e s i s e d .  T h e s e  a l l  b e a r ,  a s  t h e  f o r m u l a  i n d i c a t e s ,  
m ark e d  p i c t o r i a l  r e s e m b l a n c e  t o  t h e  e s s e n t i a l  c i n c h o n a  s t r u c t u r e .
The a n t i m a l a r i a l  a c t i v i t y  o f  t h e  new s u b s t a n c e s  h a s  b e e n  d e t e r m i n e d ,  
a n d  t h e  c o n c l u s i o n  i s  drawn t h a t  a  s e c o n d  b a s i c  c e n t r e  m us t  b e  
p r e s e n t  f o r  a m o l e c u l e  o f  t h e  a b o v e  t y p e  t o  p o s s e s s  any m arked  
a n t i m a l a r i a l  a c t i v i t y .
U n d e r  h e a d i n g  ( 2 ) ,  a num ber  o f  a l k a l o i d  m e t h o c h l o r i d e s  h a v e  been  
p r e p a r e d  by a new p r o c e s s ,  an d  c o n s i d e r a b l e  a t t e n t i o n  h a s  b e e n  p a i d  
t o  t h e  a t t e m p t e d  d e c a r b o x y l a t i o n  o f  q u i t e n i n e ,  s i n c e  t h e  d e c a r b o x y -  
l a t e d  p r o d u c t  s h o u l d  e x h i b i t  d e f i n i t e  a n t i m a l a r i a l  a c t i v i t y .
E x p e r i m e n t s  h a v e  a l s o  b e e n  p e r f o r m e d  on t h e  p r e p a r a t i o n  o f  
q u i t e n i n e  a m id e ,  a n d  o f  i t s  b e n z o y l  d e r i v a t i v e .
2 .
THE INVESTIGATION OF SOME PIPERIDINOMETHYLCAREINOL 
HYDROCHLORIDES.
D e s p i t e  e x t e n s i v e  i n v e s t i g a t i o n s  on t h e  p a r t  o f  num erous  w o r k e r s ,  
t h e r e '  s t i l l  r e m a in  two o u t s t a n d i n g  p r o b l e m s  in  c i n c h o n a  a l k a l o i d  
c h e m i s t r y ;  ( 1 )  w h e t h e r  t h e  s p e c i f i c  p h y s i o l o g i c a l  a c t i o n  i s  d u e  t o  
any g r o u p  o r  g r o u p s ,  c o n s i d e r i n g  t h e s e  f rom  t h e  c h e m i c a l  o r  t h e  
s t e r e o c h e m i c a l  p o i n t  o f  v i e w ;  a n d  ( 2 )  w h e t h e r  i t  i s  p o s s i b l e  t o  ob­
t a i n  a compound h a v i n g  s i m i l a r  o r  even more b e n e f i c i a l  a n t i m a l a r i a l  
a c t i o n ,  by i m i t a t i n g  w ha t  may be  c a l l e d  t h e  c i n c h o n o i d  s t r u c t u r e ;
at
Owing t o  t h e  f a c t  t h a t  t h e  e a r l i e r  w o r k e r s  i n  t h e  c i n c h o n a  
a l k a l o i d  s e r i e s  w e re  c o n c e r n e d  more  w i t h  t h e  c o n s t i t u t i o n  t h a n  w i t h  
t h e  p h a r m a c o l o g i c a l  a c t i o n  o f  d e g r a d a t i o n  p r o d u c t s ,  i t  may be  n e c e s ­
s a r y  t o  p r e p a r e  many o f  t h e s e  p r o d u c t s  a g a i n ,  i n  o r d e r  t o  t e s t  them
I
on a  s t r i c t l y  c o m p a r a t i v e  b a s i s .  At t h e  p r e s e n t  moment we a r e  i n  
p o s s e s s i o n  o f  a  l i m i t e d  number o f  o b s e r v a t i o n s  a s  t o  t h e  e f f e c t  o f  
m o d i f y i n g  t h e  e s s e n t i a l  c i n c h o n o i d  m o l e c u l e .  T h e s e  may be  c l a s s i f i e d  
u n d e r  t h e  f o l l o w i n g  h e a d i n g s ;
• ( 1 )  The Q u i n o l i n e  Sy s t e m .
I t  i s  known t h a t  c o m p l e t e  r e m o v a l  o f  t h e  m e th o x y 1 g r o u p  i n  q u i n i n e  i s  
n o t  a c c o m p a n ie d  by v e r y  s e r i o u s  e f f e c t s  on t h e  p h a r m a c o l o g i c a l • a c t i v i ­
t y  , w h i l s t  i t s  r e p l a c e m e n t  by some a l k o x y l  g r o u p s  i n c r e a s e s  t h e  l a t t e r .
Such c h a n g e s  may p r o d u c e  t h e i r  e f f e c t  by a l t e r i n g  t h e  b a s i c i t y  o f  
t h e  q u i n o l i n e  n i t r o g e n  a to m .  M o re o v e r ,  i t  i s  known t h a t  c u p r e i n e ,  
w h ic h  o n ly  d i f f e r s  f rom q u i n i n e  by a m e t h y l  g ro u p ,  ( i t  h a s  a h y d r o -  
x}tl i n s t e a d  o f  a m e th o x y 1 g ro u p  i n  t h e  q u i n o l i n e  n u c l e u s )  p o s s e s s e s  
l i t t l e  o r  no a n t i m a l a r i a l  a c t i v i t y .
( 2 ) C a r b i n o l  Gr o u p i n g .
L i t t l e  a p p e a r s  t o  be  known r e g a r d i n g  t h e  e f f e c t  o f  m o d i f y i n g  t h i s  
g r o u p ,  e . g .  by c o n v e r t i n g  i t  i n t o  -CR(OH), where  R i s  a h y d r o c a r b o n  
r a d i c a l .  But  m o d i f i c a t i o n  o f  t h i s  k i n d  m ig h t  be o f  f u n d a m e n t a l  im­
p o r t a n c e ,  s i n c e  i t  would  s t a b i l i s e  t h e  g r o u p  a g a i n s t  o x i d a t i o n .  
Compounds o f  t h e  c i n c h o n i n o n e  t y p e  s h o u l d  b e  c o n s i d e r e d  u n d e r  t h i s  
h e a d i n g ,  f o r  t h e  s e c o n d a r y  c a r b i n o l  g ro u p  i s  no l o n g e r  p r e s e n t ,  i t s  
p l a c e  b e i n g  t a k e n  by an  u n s a t u r a t e d  t e r t i a r y  g ro u p  o f  t h e  e n o l i c  form 
o f  t h e  k e t o n e :
-GH(OH).GH; -GO.GH: -G(OH);G:
( 3 )  The V i n y l  S i d e - c h a i n .
S i n c e  t h e  p r e s e n t  work was b e g u n ,  Goodsoni. Henry and  M a c f i e  (B iochem .
J .1 9 3 0 ,  24 ,  3 7 4 . )  ha v e  p u b l i s h e d  d a t a  show ing  t h a t  t h e  a n t i m a l a r i a l  
a c t i o n  o f  q u i n i n e  i s  i n c r e a s e d  by r e d u c t i o n  o f  t h e  v i n y l  g r o u p ,  w h i l e  
s i m i l a r  r e d u c t i o n  o f  q u i n i d i n e ,  which  d i f f e r s  from q u i n i n e  o n ly  a s  
r e g a r d s  t h e  c o n f i g u r a t i o n  o f  t h e  c a r b o n  a to m s  ( a )  and  ( b ) , ( I ) ,  (R abe ,  
Ann a l e n , 1910 ,  3 7 3 , 8 9 ;  B e r ,  1 9 2 2 , ^  ( B ) , 5 2 8 .  K ing  and  P a l m e r ,  J .  1922, 
2 1 , 2 5 7 7 . )  d o e s  n o t  i n c r e a s e  i t s  a c t i v i t y .  I t  i s  v e r y  d i f f i c u l t  t o  
a c c o u n t  f o r  t h e s e  f a c t s ,  a l t h o u g h  i t  i s  r e a s o n a b l e  t o  c o n n e c t  t h e  
d i s a p p e a r a n c e  o f  a c t i v i t y ,  when q u i n i n e  i s  o x i d i s e d  t o  q u i t e n i n e ,  w i t h  
t h e  d i m i n u t i o n  o f  t h e  b a s i c  c h a r a c t e r  o f  t h e  m o l e s c u l e ,  s i n c e  t h e
4.
e s t e r s  o f  q u i t e n i n e  a r e  p h a r m a c o l o g i c a l l y  a c t i v e .
(4)  The Q u i n u c l i d i n e  Sys tem .
The e f f e c t  of  b r e a k i n g  one p a r t i c u l a r  r i n g - l i n k a g e  i n  t h i s  sys tem  i s  
seen  in t h e  a p p e a ra n c e  of  t o x i c  p r o p e r t i e s  in  p a s s i n g  from t h e  c i n ­
c h o n in e  t o  t h e  c i n c h o t o x i n e  t y p e ,  which e f f e c t  i s  p ro b a b ly  due t o  t h e  
e x p o s u re  o f  t h e  imino g ro u p .  I t  shou ld  be o bse rved  t h a t  when a c i n ­
chona a l k a l o i d  i s  c o n v e r t e d  i n t o  i t s  m ono-ac id  s a l t s ,  a new c e n t r e  o f  
d issym m etry  a p p e a r s ,  s i n c e  s a l t  f o r m a t io n  f i r s t  t a k e s  p l a c e  on t h e  
t e r t i a r y  n i t r o g e n  atom in  t h e  q u i n u c l i d i n e  sys tem : 
a b c a b c
N NH+P X
T h i s  may be a s i g n i f i c a n t  f a c t o r  i n  c o n nex io n  w i th  t h e  p h a r m a c o l o g i c a l  
a c t i o n .
Many a t t e m p t s  have  been made t o  i m i t a t e  t h e  fu n d a m e n ta l  c in c h o n o id  
m o le c u le ,  n o t a b l y  by Kaufmann and Rabe.  The fo rm er  a u t h o r  (B e r .1912,  
3090;1913 ,  46, 57, 2929; D .R -P .  2 6 8 , 9 3 1 . )  a t t r i b u t e d  t h e  a c t i o n  of 
q u i n i n e  t o  t h e  g ro up :
- ch( o h ) - ch- n C
and showed t h a t  some compounds o f  t h e  t y p e :
CH(OH).CHp.NRp.
r e s e m b le d  q u i n i n e  on t h e  b a s i s  o f  t h e  p h y s i o l o g i c a l  t e s t s  t h e n  
a v a i l a b l e .  The work o f  Rabe ( B e r .1917 ,  5 0 , 144, e t c . )  was s i m i l a r  
t o  t h a t  of  Kaufmann, b u t  was d e v e lo p e d  on more complex s y n t h e t i c  
l i n e s .  (Compare B e r .  1918, 1360) .
5.
W ith in  r e c e n t  y e a r s ,  a l a r g e  number o f  compounds have been  
i n v e s t i g a t e d  by d i f f e r e n t  w o r k e r s ,  in  an a t t e m p t  to o b t a i n  a s a t i s ­
f a c t o r y  a n t i m a l a r i a l  d r u g .  The m a j o r i t y  of t h e s e  compounds have  been 
e s s e n t i a l l y  s t r u c t u r a l l y  d i f f e r e n t  from t h e  c in c h o n a  a l k a l o i d s .
In  t h e  p r e s e n t  communication a r e  d e s c r i b e d ,  amongst o t h e r  e x p e r i m e n t s ,  
t h e  methods o f  p r e p a r a t i o n  o f  a s e r i e s  of compounds of  t h e  g e n e r a l  
fo rm u la  ( I I ) ( i n  which t h e  d o t t e d  l i n e s  have  no c h e m ic a l  s i g n i f i c a n c e ) ,  
which  b e a r  what may be c a l l e d  p i c t o r i a l  r e s em b lan c e  t o  t h e  c in c h o n a  
a l k a l o i d s .  (Compare t h e  r e s e m b la n c e  be tween  th e  e u c a i n e s  and 
cocaine.)
; ^  o
These compounds a r e  f o r  t h e  most p a r t  r e a d i l y  p r e p a r e d  by t r e a t i n g  
I - p h e n a c y I p i p e r i d i n e  w i t h  a G r i g n a r d  r e a g e n t ,  a l t h o u g h  in  a few i n ­
s t a n c e s  ( e . g . ,  when R i s  n - h e x y l ,  n -h e p ty  1 o r  cyclohexyt)  t h e  s y n t h e s i s  
h a s  f a i l e d  c o m p l e t e l y .  For  p h y s i o l o g i c a l  t e s t s ,  t h e  c a r b i n o l  h y d ro ­
c h l o r i d e s  have  been  p r e p a r e d ,  and t h e  f o l l o w i n g  a r e  d e s c r i b e d  in  th e  
e x p e r i m e n t a l  s e c t i o n :  P h e n y l - ,  p h e n y I m e t h y l - , p h e n y l e t h y l - , pheny1-
n - p r o p y l - ,  p h e n y 1 - n - b u t y l - ,  d i p h e n y l - ,  p h e n y I b e n z y l - ,  pheny1 - ^ -  
p h e n y l e t h y l - , p h e n y l - Y - p h e n y l p r o p y l - , phen y 1 - J - p h e n y l b u t y l - , and 
pheny 1 - c s - n a p h t h y l - w - p i p e r i d i n o m e t h y I c a r b i n o l  l i y d r o c h l o r i d e s .
None of  t h e s e  compounds p o s s e s s e s  any a n t i m a l a r i a l  a c t i v i t y ,  a 
f a c t  which s u g g e s t s  t h a t  t h e  e s s e n t i a l  m i s s i n g  f a c t o r  i s  t h e  b a s i c
6 .
q u i n o l i n e  s t r u c t u r e .  The s y n t h e t i c  method,  however, a p p e a r s  t o  be 
c a p a b le  of  g e n e r a l  a p p l i c a t i o n ,  and i s  b e i n g  used  i n  t h e  s y n t h e s i s  of 
t h e  l e s s  r e a d i l y  a c c e s s i b l e  q u i n o l i n e  a n a lo g u e s  of p h e n a c y I p i p e r i d i n e .
A second s y n t h e t i c  method has  been i n v e s t i g a t e d ,  which i s  a l s o  
a p p a r e n t l y  c a p a b le  of  e x t e n s i o n  t o  t h e  s y n t h e s i s  of  c in c h o n o id  
s u b s t a n c e s .  Fo r  exam ple ,  p h e n y l - / 3 - p h e n y l e t h y l  k e to n e  i s  r e a d i l y  
c o n v e r t e d  i n t o  t h e  bromo d e r i v a t i v e ,  which r e a c t s  w i t h  p i p e r i d i n e :
Ph.CO.CHg-CHg-Ph Ph.CO.CHBr. CH^-Ph
Ph.CO.CH^-NC Ph.CO.CH(NC^H )CH.-Ph I I I .5 10 5 10 2
t o  g iv e  p h e n y l - < x - p i p e r i d i n o - ^ - p h e n y l e t h y l  k e to n e  ( I I I ) .  The l a t t e r
may a l t e r n a t i v e l y  be o b t a i n e d  by t h e  a c t i o n  of b e n z y l  c h l o r i d e  on t h e
sodium d e r i v a t i v e  of p h e n a c y I p i p e r i d i n e . ThÈs method has  been  a p p l i e d
t o  t h e  s y n t h e s i s  of  p i p e r i d i n o - d e o x y b e n z o i n ,  P h . C O . C H . P h . N C _ H , a
5 1Ü
s u b s t a n c e  p r e v i o u s l y  o b t a i n e d  by Kabe (B e r . ,1912 ,  4 5 , 2169) ,  by 
t r e a t i n g  so d io d e o x y b e n z o in  w i th  l - c h l o r o p i p e r i d i n e .
7 .
EXPERIMENTS ON 'THE BROMINATION OF 2 :4  DIMETHYL- 
QUINOLINE.
In view o f  t h e  f a c t  t h a t  Hammick s h o w e d . ( J .  1923, 123, 2332) 
t h a t  q u i n a l d l n e  r e a d i l y  underw ent  t r i b r o m l n a t i o n  in  t h e  s i d e - c h a l n ,  
e x p e r im e n t s  were done on 2 ^ 4 - d i m e t h y l q u i n o l i n e ,  w i th  a view t o  ob­
t a i n i n g  l e p i d i n e - 2 - c a r b o x y l i c  a c i d  by a p r o c e s s  s i m i l a r  t o  t h a t  used 
by Hammick f o r  t h e  p r e p a r a t i o n  of  q u i n a l d i n i c  a c i d ,  t h e  o b j e c t  b e in g  
t h e  s u b s e q u e n t  p r e p a r a t i o n  of l e p i d i n e .  In  o r d e r  t o  d e te r m in e  t h e  
scbpe  of  b r o m in a t i o n ,  an a t t e m p t  was f i r s t  made t o  in d u ce  hexabrom in-  
a t i o n ,  bu t  t h e  only p r o d u c t  o b t a i n e d  was a t r ib r o m o  compound. Mono- 
b r o m in a t i o n  a l s o  gave t h e  same t r i b r o m o  compound, b u t  s y s t e m a t i c  
e x p e r im e n t s  d e s ig n e d  t o  p roduce  t h e  t r i b r o m o  compound in  s a t i s f a c t o r y  
y i e l d s  l e d  t o  d i s a p p o i n t i n g  r e s u l t s .  The t r ib r o m o  compound,moreover,  
d i d  n o t  un de rg o  t h e  f a c i l e  c o n v e r s io n  i n t o  a c a r b o x y l i c  a c i d  which 
was t o  be e x p e c te d  by ana logy  w i t h  Hammick's  l a t e r  work, ( j .  1926, 
1302 ) ,  and s i n c e  t h e  main o b j e c t  o f  t h e s e  e x p e r im e n t s  was t o  p r o v i d e  
an easy  s y n t h e s i s  o f  l e p i d i n e  c a r b o x y l i c  a c i d ,  t h e  work was abandoned .  
I t  must be p o i n t e d  o u t  t h a t  t h e  c o n s t i t u t i o n  o f  t h e  t r ib r o m o  d e r i v a t i v e  
may be d i f f e r e n t  in  t y p e  from Hammick's  compound, and i t  i s  p o s s i b l e  
t h a t  i t  c o n t a i n s  two bromine a toms in  t h e  2 -m e th y l  g roup ,  and one 
in  t h e  4 - m e th y l  g ro u p .
- B.
EXPERIMENTS ON QUITENINE.
I t  i s  known from t h e  work of  Henry,  Goodson and  M acf ie  t h a t  
d i m i n u t i o n  o f  t h e  a c i d i t y  o f  q u i t e n i n e  by e s t é r i f i c a t i o n  p a r t i a l l y  
r e s t o r e s  a n t i m a l a r i a l  a c t i v i t y .  F u r t h e r  e v id e n c e  a s  t o  t h e  r e l a t i o n  
between t h e  b a s i c i t y  o f  t h e  m o le cu le  and i t s  a n t i m a l a r i a l  a c t i o n  
h a s  been  sough t  i n  two d i r e c t i o n s .  In  t h e  f i r s t  p l a c e ,  a t t e m p t s  have 
been made t o  d e c a r b o x y l a t e  q u i t e n i n e ,  b u t  in  s p i t e  of  a l a r g e  v a r i e t y  
o f  e x p e r im e n t s ,  no s u c c e s s  has  been a c h i e v e d ,  a l t h o u g h  on one 
o c c a s io n  a small  q u a n t i t y  o f  a b a se  was i s o l a t e d  which gave a s o l i d  
p i c r a t e .
In  t h e  second p l a c e ,  a t t e m p t s  have been made t o  p r e p a r e  q u i t e n i n e  
amide and i t s  b e n z o a t e .  I t  was a l r e a d y  known t h a t  t h i o n y l  c h l o r i d e  
r e a c t e d  in  a r a t h e r  complex way w i th  q u i t e n i n e ,  and i t  was s u r p r i s i n g  
t h a t  John ( J .  P r a k t .  Chem. 1930, 129, 223) shou ld  have  r e g a r d e d  
t h e  p r o d u c t  he o b t a i n e d  by h e a t i n g  q u i t e n i n e  w i th  a l a r g e  e x c e s s
o f  t h i o n y l  c h l o r i d e ,  a s  t h e  a c i d  c h l o r i d e  of q u i t e n i n e .  The a n a l y s i s  
he
t h a t ^ g i v e s  t o  h i s  compound h a s  been found t o  a g r e e  much more 
s a t i s f a c t o r i l y  w i th  e i t h e r  of  t h e  f o l l o w i n g  compounds; 
lo (GH0H)(C0C1) r e q u i r e s  N. 1.1%
2. (CHCl)-(COCl) r e q u i r e s  N. 7 .4 ^
3. (CHOH)-(COGl)(HCl) r e q u i r e s  N. 7 .0 5 #
John o b t a i n e d  N. 6 .9 2#
I t  i s  obv ious  t h a t  in  t h i s  r e a c t i o n ,  a h y d r o c h l o r i d e  must  be 
formed s i n c e  no h y d r o c h l o r i c  a c i d  i s  g iv e n  o f f .  (Compare t h e  p r e ­
p a r a t i o n  o f  b e n z o y l  q u i t e n i n e ;  Bucher ,  M ona tsh .  1393, 1 4 ,5 9 8 ) .
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T h e s e  compounds w e re  p r e p a r e d  f o r  a  t w o f o l d  o b j e c t :  f i r s t l y ,  
i n  o r d e r  t o  p r o d u c e  m e t h o c h l o r i d e s  w hose  a n t i m a l a r i a l  a c t i v i t y  
c o u l d  be  t e s t e d  and  com pared  w i t h  t h o s e  o f  t h e  a b o v e  m e n t i o n e d  
s y n t h e t i c  h y d r o c h l o r i d e s ;  a n d  s e c o n d l y ,  i n  o r d e r  t o  o b t a i n  N- 
m e t h y l  c i n c h o t o x i n e ,  i t  was n e c e s s a r y  t o  p r e p a r e  l a r g e  a m o u n t s  o f  
c i n c h o n i n e  m e th o b r o m id e  by a  p r o c e s s  m ore  c o n v e n i e n t  t h a n  t h a t  
g i v e n  in  t h e  l i t e r a t u r e .  I t  h a s  b e e n  f o u n d  t h a t  c i n c h o n i n e  a nd  
t h e  o t h e r  a l k a l o i d s  com bine  v e r y  r e a d i l y  w i t h  m e t h y l  s u l p h a t e ,  
f rom  w h i c h ,  by t h e  a c t i o n  o f  p o t a s s i u m  b r o m id e  o r  ammonium c h l o r i d e ,  
t h e  c o r r e s p o n d i n g  m e t h o h a l i d e s  c a n  b e  p r e p a r e d .  The c o n v e r s i o n  
o f  an a l k a l o i d  i n t o  a  m e t h o h a l i d e  now t a k e s  a s  many h o u r s  a s  i t  




P h e n y l - (y - P l p e r l d i n o - ^  - n h e n y l e t h y  1 k e t o n e .
(1 )  P r e p a r a t i o n o f  P h e n y l - - p h e n y l e t h y 1 k e t o n e . The m e th o d s  
d e s c r i b e d  i n  t h e  l i t e r a t u r e  f o r  t h e  p r e p a r a t i o n  o f  t h i s  s u b s t a n c e  
a r e  n o t  s a t i s f a c t o r y .  We h a v e  fo u n d  t h a t  when b e n z o n i t r i l e  i s  added 
t o  two m o l e c u l e s  o f  m a g n e s i u m - p h e n y  l e  t h y  1 b r o m id e ,  a l t h o u g h  
o b v i o u s  i n t e r a c t i o n  o c c u r s ,  o n ly  a s m a l l  and  v a r i a b l e  y i e l d  o f  t h e  
e x p e c t e d  k e t o n e  i s  o b t a i n e d .  The f o l l o w i n g  m e th o d ,  h o w e v e r ,  was 
foun d  c o n v e n i e n t ;  ^  - P h e n y l e t h y l  b ro m id e  was o b t a i n e d  i n  91# y i e l d  
by t h e  i n t e r a c t i o n  o f  ^46 g .  o f ^ - p h e n y l e t h y l  a l c o h a l  and  115 c . c .  
o f  p h o s p h o r u s  t r i b r o m i d e .  The b ro m id e  (3 3 7  g . ) was r e f l u x e d  f o r  
3 i  h o u r s  w i t h  a m i x t u r e  o f  135  g .  o f  p o t a s s i u m  c y a n i d e ,  135" g .  of  
w a t e r ,  and  340 c . c .  o f  a l c o h a l .  ^  - P h e n y I p r o p i o n i t r i l e  was o b t a i n e d  
i n  91# y i e l d  in  t h e  s e co n d  s t a g e ,  i . e .  31# c a l c u l a t e d  on t h e  a l c o h o l  
u s e d .  A G r i g n a r d  r e a g e n t  was p r e p a r e d  f rom  73 g .  o f  b r o m o b e n z e n e , 
and  was g r a d u a l l y  t r e a t e d  w i t h  26 g .  o f ^ - p h e n y I p r o p i o n i t r i l e .
When t h e  v i g o r o u s  r e a c t i o n  had  come t o  an  end ,  t h e  w ho le  was h e a t e d
I
f o r  è  h o u r  on t h e  w a t e r - b a t h ,  t h e  m i x t u r e  was decom posed  i n  t h e  
u s u a l  m an n e r ,  and  t h e  k e to n e  was p u r i f i e d  by d i s t i l l a t i o n  u n d e r  
r e d u c e d  p r e s s u r e  13 g .  o f  p u r e  p h e n y l -  ^ - p h e n y l e t h y l  k e t o n e ,  b . p .  
196^l3mm.,  were o b t a i n e d .
( 2 ) P r e p a r a t i o n  o f  p h e n y l -  (X - b romo-  pheny l e  th y  1 k e t o n e .
A s o l u t i o n  o f  one m ol .  o f  t h e  k e t o n e  i n  g l a c i a l  a c e t i c  a c i d  
was t r e a t e d  w i t h  a  g l a c i a l  a c e t i c  a c i d  s o l u t i o n  o f  1 .  m o l .  o f  
b r o m id e .  D e c o l o r i s a t i o n  o c c u r r e d  a t  a b o u t  5 0 ° .  The s o l u t i o n
1 1 .
was p o u r e d  i n t o  w a t e r ,  and  t h e  s o l i d  p r o d u c t  was c r y s t a l l i s e d
from a l c o h o l ,  when t h e  bromo compound ( 9 3 # )  was o b t a i n e d  a s  
n e e d l e s ,  m .p .  5 0 - 5 1 ° .  (Found ;  B r , 2 7 . 4 ;  OBr r e q u i r e s  B r ,
2 7 .7 % ) .
( 3) A c t i o n  o f  p i p e r i d i n e  on p h e n y l -o<^  - b romo- - p h e n y l e t h y l  k e t o n e . 
E q u a l  w e i g h t s  o f  t h e  bromo compound and  p i p e r i d i n e  were  
h e a t e a  t o g e t h e r  i n  b e n z e n e  s o l u t i o n  f o r  i  h o u r  a t  100^ .  The c o o l e d  
m i x t u r e  was t h e n  w e l l  sh a k en  w i t h  a l k a l i ,  and  t h e  b e n z e n e  l a y e r  
was s h a k e n  w i t h  w a t e r  and  d r i e d  o v e r  sod ium  s u l p h a t e .  E v a p o r a t i o n  
o f  t h e  s o l v e n t  gave  p h e n y l - ^ - p i p e r i d i n o - j & - p h e n y l e t h y l  k e t o n e ,  
which  c r y s t a l l i s e d  from a l c o h o l  in  c o l o r l e s s  l e a f l e t s ,  m . p . 7 7 - 7 8 . 5 ° .
(F ou n d ;  N , 5 . 3 ,  C H ON r e q u i r e s  N, 4 . 9 # ) .
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(4 )  P r e p a r a t i o n  o f  p h e n a c y I p i p e r i d i n e . S c h m id t  and  v a n  Ark ,
(A r c h .  P h a rm .  1900,  2 3 3 , 3 3 0 . )  o b t a i n e d  t h i s  compound i n  an im pure  
c o n d i t i o n ,  b u t  d i d  n o t  c h a r a c t e r i s e  i t .  I t  can  b e  o b t a i n e d  by 
e i t h e r  o f  t h e  f o l l o w i n g  m e t h o d s ;
( a ) .  The m ethod  o f  R ab e ,  S c h n e i d e r  and  B r a a s c h  ( H e r .  1 9 0 8 , 41 
3 7 4 . )  was m o d i f i e d  a s  f o l l o w s ;  A b e n z e n e  s o l u t i o n  o f  one p a r t  
o f  p h e n a c y 1 b ro m id e  was a d d e d  t o  a s o l u t i o n  o f  one p a r t  o f  
■ p i p e r i d i n e  i n  e t h e r ,  and  t h e  m i x t u r e  was a l l o w e d  t o  s t a n d  f o r  
i  h o u r  a f t e r  c o m p l e t i o n  o f  t h e  v i g o r o u s  r e a c t i o n .  I t  was th en '  
t r e a t e d  w i t h  aqueous a l k a l i ,  and  t h e  b e n z e n e  l a y e r  was d r i e d  
o v e r  sodium s u l p h a t e .  A f t e r  r e m o v a l  o f  t h e  s o l v e n t ,  t h e  
r e s i d u e  was vacuum d i s t i l l e d ,  and  g a v e  an  a p p r o x i m a t e l y  60#
*
y i e l d ,  ( b . p .  1 6 8 ^ /2 6  m m.) .
1 2 .
( b ) ,  A c o n s i d e r a b l e  s a v i n g  o f  p i p e r i d i n e  was e f f e c t e d  by 
u s i n g  th e  f o l l o w i n g  p r o c e s s :  a s o l u t i o n  o f  30 g .  o f  p h e n a c y 1
b ro m id e  in  400 c . c .  o f  b e n z e n e  was added w i t h i n  30 m i n u t e s  
t o  a w e l l  sh a k en  m i x t u r e  of  50 g .  o f  p i p e r i d i n e ,  70 g .  of  
a n h y d r o u s  p o t a s s i u m  c a r b o n a t e ,  and  400 c . c ,  of  b e n z e n e  in  
t h e  c o l d .  W a te r  was a d d e d ,  and t h e  b enzen e  l a y e r  was s e p a r ­
a t e d  and e x t r a c t e d  t h r e e  t i m e s  w i t h  w a t e r ,  and  t h e n  t w i c e  
w i t h  20# h y d r o c h l o r i c  a c i d .  The s e p a r a t e d  b e n z e n e  l a y e r  
was a g a i n  e x t r a c t e d  w i t h  a s m a l l e r  q u a n t i t y  o r  a c i d  and  t h e  
u n i t e d  a c i d  s o l u t i o n s  were  made am m oniaca l ,  and e x t r a c t e d  
w i t h  e t h e r .  The e t h e r e a l  l a y e r  was washed w i t h  a l i t t l e  
w a t e r ,  was d r i e d  o v e r  sodium s u l p h a t e ,  and was e v a p o r a t e d .  
D i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  of  t h e  r e s i d u e  g a ve  50 g .  
o f  a lm o s t  p u r e  c o l o r l e s s  p h e n a c y I p i p e r i d i n e  o f  c o n s t a n t  b . p .
(5)  P r e p a r a t i o n  o f  P h e n y l -  - p i p e r i d i n e -  pheny l e  thy 1 k e t o n e .
P h e n a c y I p i p e r i d i n e  (1 m o l . )  was a d d e d  t o  one atom of  pow dered  
sodium, c o v e r e d  w i t h  ICO c , c ,  o f  t o l u e n e .  The m i x t u r e  was b o i l e d  
u n t i l  t h e  sodium had  d i s a p p e a r e d ,  and t h e n  1 mol.  o f  b e n z y l  c h l o r i d e  
was a d d e d .  The b o i l i n g  was c o n t i n u e d  f o r  g- h o u r ,  t h e  m i x t u r e  was 
c o o l e d ,  and e x t r a c t e d  w i t h  w a t e r ,  t h e  t o l u e n e  was s e p a r a t e d ,  d r i e d  
and rem oved ,  and  t h e  r e s i d u e  was c r y s t a l l i s e d  from m e th y l  a l c o h o l .  
The p r o d u c t  had m .p .  3 o - 3 l ^ ,  a m i x t u r e  w i t h  t h e  abo v e  p r o d u c t  
( m . p . 7 7 - 7 8 . 5 ° )  m e l t i n g  a t  7 3 - 7 9 ^ .
P r e p a r a t i o n o f  m-N i t r o p h e n a c y 1 b r o m i d e .
The p r e p a r a t i o n  o f  t h i s  s u b s t a n c e  by t h e  method of  E van s  and
1 3 .
B ro o k s  ( J .  Amer. Chem.Soo.  1908 ,  30, 4 0 6 ) ,  was l e s s  s a t i s f a c t o r y  
t h a n  t h e  f o l l o w i n g  m o d i f i c a t i o n  o f  t h e  p r o c e s s  d e s c r i b e d  by 
H u n n iu s  ( B e r . 1377 .  10 ,  2 0 0 3 ) :  p h e n a c y 1 b ro m id e  was s lo w ly  added
t o  t e n  p a r t s  o f  n i t r i c  a c i d  ( d . 1 . 5 ) ,  k e p t  a t  - 1 0 ^  t o  - 5 ^ .  The 
s o l u t i o n  was p o u r e d  o n t o  i c e ,  a n d  t h e  p r e c i p i t a t e  was c o l l e c t e d ,  
d i g e s t e d  w i t h  e t h e r  t o  remove t h e  o - n i t r o  compound, and t h e  
r e s i d u e  was c r y s t a l l i s e d  from a l c o h o l ;  t h e  y i e l d  o f  m - n i t r o p h e n a c y 1 
b r o m id e ,  m .p ,  8 0 - 3 1 ^ ,  was 70#
Ac t i o n  o f  p i p e r i d i n e  on m-N i t r o p h e n a c y  1 b r o m i d e . .
A l t h o u g h  t h e  b r o m id e  c o n d e n s e d  r e a d i l y  w i t h  p i p e r i d i n e  u n d e r  
t h e  c o n d i t i o n s  u s e d  f o r  t h e  p r e p a r a t i o n  o f  p h e n a c y I p i p e r i d i n e ,  
( s e c o n d  m e t h o d ) ,  t h e  i s o l a t i o n  o f  t h e  p r o d u c t  was n o t  a c c o m p l i s h e d .  
Vacuum d i s t i l l a t i o n  c a u s e d  e x p l o s i v e  d e c o m p o s i t i o n .  ,P u r i f i c a t i o n  
by c r y s t a l l i s a t i o n  g a v e  o i l y  p r o d u c t s ,  and  a l t h o u g h  t h e  p i c r a t e  was 
o b t a i n e d  a s  a h i g h l y  c r y s t a l l i n e  s u b s t a n c e ,  m . p . 1 7 5 - 1 7 6 ° ,  i t s  
s u b s e q u e n t  d e c o m p o s i t i o n  by a l k a l i  gave  am orphous  p r o d u c t s .  I n  a 
se c o n d  e x p e r i m e n t ,  a  b e n z e n e  s o l u t i o n  o f  m - n i t r o p h e n a c y 1 b r o m id e  
(1  m o l . )  was added  t o  one o f  p i p e r i d i n e  (2  n o l s . ) .  A f t e r  s e v e r a l  
h o u r s ,  t h e  p r e c i p i t a t e d  h y d r o b r o m id e  was removed by f i l t r a t i o n ,  and  
t h e  f i l t r a t e  e v a p o r a t e d .  When t h e  r e s i d u e  was s t i r r e d  w i t h  d i l u t e  
a c e t i c ^ a c i d ,  an am orphous  s o l i d  was o b t a i n e d  w h ic h  c o u l d  n o t  be 
made t o  c r y s t a l l i s e ,  a n d  had  an i n d e f i n i t e  m .p .
P r e p a r a t i o n o f  P i p e  r i d  in  o- deoxy  b e n z o i n  ."
C h l o r o - d e o x y b e n z o i n  was p r e p a r e d  by S c h r o e t e r ,  from b e n z o i n  
and  t h y o n y l  c h l o r i d e ,  (B e r . 1909 ,  2 3 4 3 ) ;  t h e  f o l l o w i n g  m o d i f i ­
c a t i o n  o f  h i s  m ethod  was u s e d .  A m i x t u r e  o f  e q u a l  w e i g h t s  o f
1 4 .
b e n z o in  and t h i o n y l  c h l o r i d e  was warmed u n t i l  a c l e a r  s o l u t i o n  was 
o b t a i n e d .  A f t e r  a d d i n g  much warm w a t e r  and s t i r r i n g  u n t i l  c o l d ,  
a s o l i d  p r o d u c t  was o b t a i n e d  which  c r y s t a l l i s e d  from c h lo r o f o r m  on 
a d d in g '  l i g h t  p e t r o l e u m  ( b . p .  4 0 - 6 0 ° ) .  The c r y s t a l l i n e  m a t e r i a l  
was r e c r y s t a l l i s e d  from m e th y l  a l c o h o l ,  and  them had  m .p .  6 6 - 6 7 ° .  
S c h r o e t e r  s t a t e s  t h a t  c h l o r o d e o x y b e n z o i n  b e g i n s  t o  s o f t e n  a t  6 6 ° ,  
and  m e l t s  a t  6 3 . 5 ° ,  w he rea s  C u r t i u s  and Lang ( J . P r a k t . Ghem. 1891, 
I I ,  543)  gave m.p. 6 5 ° .
The c h l o r o  compound was c o v e r e d  w i t h  i t s  own w e ig h t  o f  p i p e r i ­
d i n e ,  and t h e  m i x t u r e  was s lo w ly  warmed t o  100° ,  d u r i n g  20 m i n u t e s .  
I t  was r e p e a t e d l y  e x t r a c t e d  w i t h  w a t e r ,  and t h e  gummy r e s i d u e  was 
c r y s t a l l i s e d  from a l c o h o l ,  when n e e d l e s ,  mp. 8 5 - 3 6 ° ,  were o b t a i n e d .  
(Rabe and R i e p e r ,  l o c . c i t . ,  g i v e  m .p .  8 2 ° ) .
P h o s p h o r u s  t r i c h l o r i d e  was found t o  be  a lm o s t  w i t h o u t  a c t i o n  
on b e n z o i n ,  and p h o s p h o r u s  p e n t a c h l o r i d e g a v e  a m i x t u r e  which  cou ld  
n o t  b e  p u r i f i e d .
P r e p a r a t i o n  o f  P h e n y 1- 6>-p i p e r i d i n o m e th y l  c a r b i n o l .
P h e n a c y 1 p i p e r i d i n e  was r e d u c e d  a s  d e s c r i b e d  by Rabe,  (An n a l e n , 
1909, 3 6 5 , 3 7 7 ) ,  b u t  t h e  p r o d u c t  was worked  up by t h e  f o l l o w i n g ,  
d i f f e r e n t  m ethod :  t h e  a l k a l i n e  a l c o h o l i c  r e d u c t i o n  m i x t u r e  was
t r e a t e d  w i t h  w a t e r ,  and  most  o f  t h e  a l c o h o l  was d i s t i l l e d  o f f .
The r e s i d u e  was e x t r a c t e d  w i t h  e t h e r ,  t h e  e x t r a c t  was d r i e d  o v e r  
sodium s u l p h a t e  and e v a p o r a t e d ,  and t h e  r e s i d u e  was d i s t i l l e d  u n d e r  
r e d u c e d  p r e s s u r e .  The b a s e  had  t h e  p r o p e r t i e s  r e c o r d e d  by R abe .
The h y d r o c h l o r i d e  was p r e p a r e d  by p a s s i n g  dry h y d ro g e n  c h l o r i d e  t h r o u g h  
a l i g h t  p e t r o l e u m  s o l u t i o n  o f  t h e  b a s e ,  and  had  m .p .  1 9 2 - 1 9 4 ° .
■ 15.
(P o u n d :  C l ,  1 4 . 5 ,  C^^ ONCl r e q u i r e s  C l ,  1 4 . 7 ^ ) .
P r e p a r a t i o n  o f  P h e n y l ^ e t h y l -  ^ - p i p e r i d i n o m ethy 1 c a r b i n o l  
h y d r o c h l o r i d e .
An e t h e r e a l  s o l u t i o n  o f  p h e n a c y I p i p e r i d i n e  (1  m o l . )  was 
g r a d u a l l y  added  t o  a G r i g n a r d  r e a g e n t  p r e p a r e d  f rom  2 m o is ,  o f  
m e t h y l  i o d i d e  a n d  4 a tom s  o f  m agnesium ( w i t h  I n t e r m e d i a t e  d é c a n t a ­
t i o n  from u n d i s s o l v e d  m a g n e s iu m ) .  A f t e r  t h e  a d d i t i o n  was o v e r ,  
t h e  m i x t u r e  was g e n t l y  b o i l e d  f o r  h o u r ,  and t h e n  d eco m p o sed  w i t h  
ammonium c h l o r i d e  s o l u t i o n .  The e t h e r e a l  s o l u t i o n  was s e p a r a t e d  
and  e x t r a c t e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  s o l u t i o n ,  and  t h e  a c i d  
l a y e r ,  a f t e r  b e i n g  e x t r a c t e d  w i t h  a l i t t l e  e t h e r ,  was r e n d e r e d  
am m oniacàà ,  and e x t r a c t e d  w i t h  l i g h t  p e t r o l e u m  ( b . p .  6 0 - 8 0 ° ) .
T h i s  e x t r a c t  was d r i e d  o v e r  sod ium  s u l p h a t e  and  s a t u r a t e d  w i t h  d ry  
h y d r o g e n  c h l o r i d e ;  when t h e  c a r b i n o l  h y d r o c h l o r i d e  was o b t a i n e d  a s  
a w h i t e  m i c r o c r y s t a l l i n e  p o w d e r ,  w h ich ,  a f t e r  b e i n g  h e a t e d  a t  100° ,  
h ad  m .p .  1 4 0 - 1 4 1 ° .  ( F o u n d ;  N, 5 . 8 ;  C l ,  1 4 . 0 ;  ONCl r e q u i r e s
K, 5 . 5 ;  Cl 1 3 . 9 # ) .
P h e n y l e t h y l - W  - p i p e r i d i n o m e t h y I c a r b i n o l  h y d r o c h l o r i d e .
T h i s  s u b s t a n c e  was o b t a i n e d  by t h e  same m ethod  a s  t h a t  u s e d
f o r  t h e  m e t h y l  a n a l o g u e .  The c a r b i n o l  h y d r o c h l o r i d e ,  p r e c i p i t a t e d
by d ry  h y d r o g e n  c h l o r i d e  from a l i g h t  p e t r o l u e m  s o l u t i o n . o f  t h e
b a s e ,  was c r y s t a l l i s e d  from a m i x t u r e  o f  a l c o h o l  a n d  e t h e r ,  and
d r i e d  a t  1 0 0 ° ;  and  was o b t a i n e d  a s  a m i c r o c r y s t a l l i n e  p o w d e r ,
s o f t e n i n g  a t  1 6 3 ° ,  a n d  m e l t i n g  a t  1 7 1 - 1 7 3 ° .  ( F o u n d ;  N, 5 * 6 ;  01 ,
1 3 . 5 ;  H ONCl r e q u i r e s  N, 5 . 2 ;  C l ,  1 3 , 2 # ) .
15 24
1 6 .
P h e n y 1- n - p r o p y l - - p i p e r i d i n o m e t h y I c a r b i n o l  H y d r o c h l o r i d e .
I n t e r a c t i o n  o f  p h e n a c y I p i p e r i d i n e  a n d  m agnesium p r o p y l
b ro m id e  (2  m o i s . )  was v e r y  v i g o r o u s .  The c a r b i n o l  h y d r o c h l o r i d e
was o b t a i n e d  by t h e  m ethod  d e s c r i b e d  u n d e r  t h e  p r e c e d i n g  compounds ,
and  a f t e r  b e i n g  d r i e d  a t  1 0 0 ° ,  was o b t a i n e d  a s  a m i c r o c r y s t a l l i n e
pow der ,  m .p .  185-187°*, ( F o u n d ;  0 1 , 1 3 . 0 ;  O H ONCl r e q u i r e s
16 26
01 ,  1 2 . 5 # ) .
P h e n y l - n - b u t y l - u > - p i p e r i d i n o m e t h y I c a r b i n o l  H y d ro c h l o r i d e .
When p h e n a c y I p i p e r i d i n e  was add ed  t o  2 m ois . -  o f  e t h e r e a l  
magnesium b u t y l  b r o m i d e ,  a s o l i d  fo rm ed on t h e  s u r f a c e ,  b u t  l a t e r  
r e d i s s o l v e d .  The h y d r o c h l o r i d e  p r e c i p i t a t e d  from l i g h t  p e t r o l e u m  
was c r y s t a l l i s e d  f rom  a m i x t u r e  o f  a l c o h o l  and e t h e r ,  a n d  d r i e d  a t  
1 0 0 ° .  I t  was a m i c r o c r y s t a l l i n e  pow der ,  m . p . 1 6 6 -1 6 9 ° ?  (F o u n d ;  
0 1 , 1 2 . 0 ;  0 ^ ^  ONCl r e q u i r e s  C l ,  1 1 . 9 # ) .
A c t i o n  o f  Ma g n e s iu m  n - H e x y l  I o d i d e  on Ph e n a c y I p i p e r i d i n e .
The p r e p a r a t i o n  o f  t h i s  s u b s t a n c e  was p e r f o r m e d  in  t h e  same way 
a s  t h e  o t h e r  G r i g n a r d  r e a c t i o n s ,  u s i n g  2 m o is ,  o f  n - h e x y l  i o d i d e ,  1 
m ol .  o f  p h e n a c y I p i p e r i d i n e  and  4 a to m s  o f  m agnes ium .  On a d d i n g  t h e
p h e n a c y I p i p e r i d i n e ,  a p a r t  o f  t h e  p r e c i p i t a t e  fo rm ed  r e d i s s o l v e d .
"1
The h y d r o c h l o r i d e  o f  t h e  b a s e  c o u ld  o n ly  be  o b t a i n e d  by p a s s i n g  d ry
(30-100*)
h y d ro g e n  c h l o r i d e  i n t o  a  p e t r o l e u m  e t h e r  s o l u t i o n  o f  t h e  b a s e .
m .p .  o f  t h e  h y d r o c h l o r i d e ,  2 1 3 - 2 1 9 ° .  
mixed m .p .  o f  t h e  h y d r o c h l o r i d e  w i t h  t h e  h y d r o c h l o r i d e  o f  t h e  
h e p t y l  compound, 2 1 5 - 2 2 0 ° .
A n a l y s i s  o f  t h e  h y d r o c h l o r i d e .
17.
S u b s t a n c e ,  0 .4 3 0 0  g .  AgCl,  0 . 2 5 5 0  g .
whence C l ,  1 4 . 7 #
C H ON.HCl r e q u i r e s  C l ,  1 0 .9 #
19 31
P h e n a c y I p i p e r i d i n e  h y d r o c h l o r i d e  C H ONCl r e q u i r e s  C l ,  1 4 . 3 # .
13 13
A c t i o n  o f  Magnesium n - Hept y l  I o d i d e  on P h e n a c y I p i p e r i d i n e .
The d e t a i l s  o f  t h i s  e x p e r i m e n t  a r e  e x a c t l y  t h e  same a s  f o r  t h e  
n - h e x y l  compound. The h y d r o c h l o r i d e  h a d  m .p .  2 1 6 - 2 2 0 ° ,  an d  m ixed  
m .p .  w i t h  t h e  h y d r o c h l o r i d e  o f  t h e  n - h e x y l  compound was 2 1 5 - 2 2 0 ° .
A c t i o n  o f  M a g n e s iu m G y c l o h e x y 1 I o d i d e  on P h e n a c y I p i p e r i d i n e .
( 1 )
P r e p a r a t i o n  o f  c y c l o h e x y l  b r o m i d e .
100 G. o f  Boake  R o b e r t s  c y c l o h e x a n o l  w ere  h e a t e d  u n d e r  r e f l u x  
o v e r  a g u a z e  f o r  l i  h o u r s  w i t h  700 c . c l  o f  h y d r o b r o m ic  a c i d  ( d .  1 . 4 9 ) .  
S e p a r a t i o n  o f  an  o i l  o c c u r r e d  w i t h i n  10 m i n u t e s .  The p r o d u c t  was 
c o o l e d ,  t h e  t o p  l a y e r  o f  c y c l o h e x y l  b r o m id e  was s e p a r a t e d ,  w ashed  
w i t h  w a t e r ,  and  d r i e d  o v e r  oaA c a l c i u m  c h l o r i d e .
Y i e l d ,  114 g .  (7 0 #  y i e l d ) .
B . p . ,  1 6 2 - 1 6 6 ° .
1 3 .
A.
The e x p e r i m e n t  was c o n d u c t e d  a s  u s u a l ,  u s i n g :
( 1 m o l . ) ,  15 g .  o f  p h e n a c y I p i p e r i d i n e
(4  a t o m s ) ,  8 g .  o f  magnesium
(2  m i l s  ) ,  25 go o f  c y c l o h e x y l  b r o m id e .
The h y d r o c h l o r i d e  was p r e p a r e d  by t h e  dry  m e th o d ,  (H Cl g a s  i n  
p e t r o l u e m  e t h # r  s o l u t i o n )  and  14 g .  o f  p r o d u c t  w e re  o b t a i n e d ,  a f t e r  
d r y i n g  a t  1 0 0 ° .  (58 #  o f  t h e  t h e o r e t i c a l  y i e l d ) .
An a l y s i s .
S u b s t a n c e ,  0 . 4 3 0 4  g .  -  AgCl , 0123^6  g« 
whence 01 , 13*7#
^19 ^ 2 4  r e q u i r e s  Cl , 1 1 .2 #
B1
The e x p e r i m e n t  was r e p e a t e d ,  u s i n g ;
(1  m o l . )  11 g .  o f  p h e n a c y I p i p e r i d i n e  
(10  a to m s )  13 go o f  m agnesium 
(5 m o i s . )  45 g . o f  c y c l o h e x y l  b r o m id e
A f t e r  d r y i n g  t h e  h y d r o c h l o r i d e  a t  1 0 0 ° ,  t h e  y i e l d  was 9 . 5  g .
A n a l y s i s .
S u b s t a n c e ,  0 .4 3 2 6  g .  AgXl , 0 . 2 2 1 4  g .
; , ' whence 01 , 1 2 .7 # .
0 .  ' ' ■ .
The e x p e r i m e n t  was a g â i n  r e p e a t e d ,  u s i n g ;  - : r
(1  m o l . )  1 0 . 5 .  g .  o f  p h e n a c y I p i p e r i d i n e
19 .
(20  a tom s}  25 g .  o f  m agnesium
(1 0  m o i s . )  3 1 . 5  g .  of  c y c l o h e x y l  b ro m id e
The p r e c i p i t a t e  w h ich  f o rm e d  on a d d i n g  p h e n a c y I p i p e r i d i n e  t o  
t h e  G r i g n a r d  r e a g e n t  r e d i s s o l v e d .  The whole  p r o d u c t  was p r e c i p i ­
t a t e d  w i t h  h y d r o c h l o r i c  a c i d ,  and  was c r y s t a l l i s e d  from a l c o h o l ,
i n  o r d e r  t o  g e t  n o t  more t h a n  two g .  o f  t h e  p r o d u c t .
o
The n u p .  was fo u n d  t o  b e  2 1 7 -2 2 0  .
An a l y s i s .
S u b s t a n c e ,  0 . 4 3 2 0  g .  AgCl,  0 . 2 4 9 6  g .
whence 01 , 1 4 . 3 #
a x
2 0 .
D l p h e n y l -C6-p i p e r i d i n o m e t h y I c a r b i n o l  H y d r o c h l o r i d e .
A f t e r  a d d i t i o n  o f  t h e  p h e n a c y I p i p e r i d i n e  t o  t h e  magnesium 
p h e n y l  b r o m id e  s o l u t i o n  ('2 m o i s . ) ,  t h e  m i x t u r e  was h e a t e d  f o r  
some t i m e ,  c o o l e d ,  a n d  decom posed  w i t h  ammonium c h l o r i d e  s o l u t i o n .
The e t h e r e a l  l a y e r  was e x t r a c t e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  and  
t h e  a c i d  l a y e r  was once  e x t r a c t e d  w i t h  e t h e r .  The a c i d  s o l u t i o n  
was b o i l e d  t o  remove e t h e r ,  an d  k e p t  ; t h e  c a r b i n o l  h y d r o c h l o r i d e  
t h e n  s e p a r a t e d  in  l o n g ,  c o l o r l e s s  n e e d l e s ,  w h ich ,  a f t e r  b e i n g  d r i e d  
a t  100° ,  m e l t e d  a t  2 1 4 - 2 1 3 ° .  (Found ;  N, 4 . 5 ;  C l ,  1 1 . 9 ;
ONCl r e q u i r e s  N, 4 . 5  ; 01 , 1 1 . 2 ^ ) .
P h e n y l b e n z y l - U ) - p i p e r i d i n o m e t h y I c a r b i n o l  H y d r o c h l o r i d e .
On a d d i t i o n  o f  p h e n a c y I p i p e r i d i n e  t o  t h e  magnesium b e n z y l  
c h l o r i d e  s o l u t i o n  (2  m o i s . ) ,  a w h i t e  p r e c i p i t a t e  was f i r s t  fo rm ed ,
and  l a t e r  r e d i s s o l v e d .  The m i x t u r e  was g e n t l y  b o i l e d  f o r  i  h o u r ,  
c o o l e d ,  and  t h e n  decom posed  w i t h  ammonium c h l o r i d e  s o l u t i o n .  The 
a q u e o u s  l a y e r  was e x t r a c t e d  w i t h  e t h e r ,  and  t h e  com bined  e t h e r e a l  
s o l u t i o n s  w ere  sh a k e n  w i t h  a  m i x t u r e  o f  e q u a l  v o lu m e s  o f  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  an d  w a t e r ,  when t h e  c a r b i n o l  h y d r o c h l o r i d e  s e p a r ­
a t e d  a s  a c r y s t a l l i n e  p r e c i p i t a t e .  The s u s p e n s i o n  was f i l t e r e d ,  t h e  
s o l i d  was washed w i t h  e t h e r ,  and  was c r y s t a l l i s e d  f rom a l c o h o l .  
S p e a r - s h a p e d  n e e d l e s  were  o b t a i n e d ,  m .p .  2 3 3 - 2 4 4 ° .  These  w ere  
s p a r i n g l y  s o l u b l e  i n  d i l u t e  h y d r o c h l o r i c  a c i d  o f  c o l d  a l c o h o l ,  were  
v e r y  s o l u b l e  i n  warm a l c o h o l .  (F o u n d ;  C l ,  1 0 . 7 ;  0^^  H^^ ONCl r e q u i -
e s  Cl  , 1 0 . 7 ^ )
»
2 1 .
P h e n y l - ^ - p h e n y l e t h y l - a > - p i p e r i d i n o m e t h y I c a r b i n o l  H y d r o c h l o r i d e .
The m i x t u r e  r e s u l t i n g  from t h e  i n t e r a c t i o n  o f  p h e n a c y l -  
p i p e r i d i n e  and 2 m o i s ,  of  magnesium ^ - p h e n y l e t h y l  bromide  was 
decomposed w i th  ammonium c h l o r i d e  s o l u t i o n ,  and  t h e  e t h e r e a l  l a y e r  
was shaken  w i th  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  mixed w i t h  an e q u a l  
volume o f  w a t e r .  The c a r b i n o l  h y d r o c h l o r i d e  which s e p a r a t e d  was 
washed w i t h  w a t e r  and e t h e r ,  and d r i e d  a t  100° .  The combined 
m o t h e r - l i q u o r s  were s e p a r a t e d  from t h e  e t h e r  l a y e r ,  e x t r a c t e d  w i th  
l i g h t  p e t r o l e u m ,  t h e  e x t r a c t  was d r i e d  o v e r  sodium s u l p h a t e ,  and 
s a t u r a t e d  w i t h  h yd ro g en  c h l o r i d e .  The p r e c i p i t a t e d  c a r b i n o l  h y d r o ­
c h l o r i d e  was c r y s t a l l i s e d  from a l i t t l e  a l c o h o l  by a d d i t i o n  o f
oe t h e r .  The combined y i e l d s  o f  t h e  h y d r o c h l o r i d e ,  m .p .  211-216  ,
was 65#.  (Found;  N, 4 . 0 ;  Cl , 1 0 . 2 ;  O H  ONCl r e q u i r e s  N,21 23
4 . 0 5 ;  Cl , 1 0 .3 % ) -
P h e n y l - Y - p h e n y I p r o p y l - - p i p e r i d i n o m e t h y I c a r b i n o l  H y d r o c h l o r i d e .
The p r o d u c t  r e s u l t i n g  from t h e  i n t e r a c t i o n  o f  p h e n a c y I p i p e r i d i n e  
and 2 m o is ,  o f  © a g n e s iu m 'Y - p h e n y I p r o p y 1 bromide  was t r e a t e d  a s  u s u a l ,  
t h e  h y d r o c h l o r i d e  s e p a r a t i n g  when t h e  e t h e r e a l  s o l u t i o n  was shaken  
w i t h  20# h y d r o c h l o r i c  a c i d .  I t  was washed w i t h  e t h e r  and d r i e d  
a t  100° ,  and  had m .p .  2 0 9 - 2 1 0 ° .  (Found:  Cl  , 9 . 3 ;  H^^ ONCl
r e q u i r e s  C l ,  9 . 9 # ) .
Ph e n y l -  S - p h e n y lb u t y l - w  - p i p e r i d i n o m e t h y I c a r b i n o l  H y d r o c h lo r i d e .
The p r e p a r a t i o n  from p h e n a c y I p i p e r i d i n e  a n d  magnesium 5 - p h e n y 1- 
b u t y l  b rom ide  (2  m o i s . )  was c a r r i e d  o u t  by t h e  method u se d  f o r  t h e  
^ - p h e n y l e t h y l  d e r i v a t i v e .  The h y d r o c h l o r i d e  c r y s t a l l i s e d  from
2 2 .
a l c o h o l ,  c o n t a i n i n g  d i l u t e  h y d r o c h l o r i c  a c i d ,  in  c o l o r l e s s  n e e d l e s ,
o o
which ,  a f t e r  b e in g  d r i e d  a t  100 , had m .p .  173-174  . The h y d r o c h l o r ­
i d e  i s  v e r y  s o l u b l e  in  warm a l c o h o l ,  and  a lm o s t  i n s o l u b l e  i n  c o ld  
d i l u t e  h y d r  
Cl , 9 . 5 # ) .
r o c h l o r i c  a c i d .  (Found Cl , 9 . 5  ; C H ONCl r e q u i r e s
t - j
P h e n y l - (K  - naph thy  1- cû- p i p e r i d i n o m e t h y I c a r b i n o l .
P h e n a c y I p i p e r i d i n e  and m a g n e s iu m  c ( - n a p h t h y l  b r o m i d e  r e a c t e d
n orm a l ly *  The m i x t u r e  was h e a t e d  f o r  1 h o u r  in  warm w a t e r ,  c o o l e d ,
and decomposed w i t h  ammonium c h l o r i d e  s o l u t i o n .  The e t h e r e a l  l a y e r
was shaken  w i t h  i t s  own b u lk  o f  20# h y d r o c h l o r i c  a c i d ,  and  a g a i n  w i th
a s m a l l e r  amount o f  d i l u t e  a c i d .  The combined a c i d  e x t r a c t s  were
w e l l  shaken  w i t h  e t h e r ,  t h e  e t h e r  was s e p a r a t e d ,  and t h e  a c i d
s o l u t i o n  was warmed u n t i l  f r e e  from e t h e r .  A d d i t i o n  o f  d i l u t e
ammonium h y d r o x id e  p ro d u c e d  a gum, which  a f t e r  much d i g e s t i o n  w i th
h o t  w a t e r  became s o l i d ,  and was t h e n  c r y s t a l l i s e d  from a l c o h o l .
The c r y s t a l l i n e  p r o d u c t  was r e c r y s t a l l i s e d  from l i g h t  p e t r o l e u m
( b . p .  8 0 - 1 0 0 ° ) .  From b o th  s o l v e n t s  t h e  c a r b i n o l  s e p a r a t e d  i n
s p a r k l i n g  n o d u l e s ,  m .p .  1 1 4 -1 1 5 ° .  (Found ;  N, 4 . 2 ;  C H ONCl
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r e q u i r e s  N, 4 . 2 # ) .
2 3 .
EXPERIMENTS ON THE BROMINATION OF 2 ; 4-DIMETHYL QUINOLINE.
At t e m p t e d  H e x a b ro m ln a t io n  o f  2 ; 4 - D lm ethy1 Q u i n o l i n e .
32 c . c .  of  b ro m ine  were added t o  a s o l u t i o n  of  16 g .  o f  2 : 4  
d i m e t h y l  q u i n o l i n e  and  100 g .  o f  a n h y d ro u s  sodium a c e t a t e  i n  g l a c i a l  
a c e t i c  a c i d .  The m i x t u r e  was warmed u n t i l  no f u r t h e r  change  o c c u r r e d ,  
and was t h e n  p ou red  i n t o  w a t e r ;  t h e  p r o d u c t  was c r y s t a l l i s e d  from
l i g h t  p e t r o l e u m ,  ( b . p .  30-100 ) .  I t  m e l t e d  w i th  d e c o m p o s i t i o n  a t
125° .
A n a l y s i s .
S u b s t a n c e ,  0 . 1 1 7 7 ;  AgBr, 0 .1 7 22
whence Br , 6 1 . 7 # .
T r i b r o m l n a t i o n  r e q u i r e s  B r ,  6 0 .9 # .
D i b r o m in a t i o n  r e q u i r e s  B r ,  5 0 .3 # .
T e t r a b r o m i n a t i o n  r e q u i r e s  B r ,  6 7 . 3 # .
I
A tte m p te d  momobromina t i o n  of  2 ; 4 - d i m e t h y l  q u i n o l i n e .
T h i s  e x p e r im e n t  was done s i m i l a r l y ,  and t h e  p r o d u c t  was i d e n t i c a l  
w i t h  t h a t  abo v e .
A n a l y s i s .
S u b s t a n c e ,  0 . 1 7 7 3 ;  AgBr, 0 .2 5 1 5 ;
whence B r ,  6 0 .4 # .
An a t t e m p t  was made t o  h y d r o l y s e  t h e  t r i b r o m o  compound, u s i n g  
b o i l i n g  a l k a l i ,  or  b o i l i n g  d i l u t e  s u l p h u r i c  a c i d  o r  s i l v e r  o x i d e .
No s u c c e s s  was a c h i e v e d  in  any or  t h e s e  e x p e r i m e n t s .
2 4 .
ATTEMPTED DECARBOXYLATION OF QUITENINE.
( 1 ) .  U s in g  Copper  B r o n z e .
One g .  o f  q u i t e n i n e  was g ro u n d  up w i t h  30 g .  o f  c o p p e r -  
b r o n z e ,  and  t h e  m i x t u r e  was h e a t e d  i n  a m e t a l  b a t h  a t  2 0 0 - 2 1 0 °
f o r  1 h o u r .  The powdery mass was t h e n  g ro u n d  up w i t h  sodium 
c a r b o n a t e  s o l u t i o n ,  a n d  e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t  
was washed w i t h  w a t e r ,  and  e v a p o r a t e d  t o  d r y n e s s .  T h e re  was no 
r e s i d u e .
T h i s  e x p e r i m e n t  was r e p e a t e d ,  u s i n g  1 g .  o f  q u i t e n i n e  a n d  20
0
g .  o f  c o p p e r - b r o n z e ,  t h e  m i x t u r e  b e i n g  h e a t e d  t o  29 0 -3 0 0  f o r  40 
m i n u t e s .  D u r in g  t h e  f i r s t  10 m i n u t e s ,  s t eam  came o f f  from t h e  
m i x t u r e ,  and  t h e n  f o r  30 m i n u t e s  t h e r e  was no chang e  a t  a l l .  The
m i x t u r e  was worked -up a s  b e f o r e .  A ga in  t h e r e  was no r e s i d u e  from 
t h e  e t h e r  e x t r a c t .
( I I ) .  U s in g  Soda- l i m e *
One g .  o f  q u i t e n i n e  was g round  up w i t h  20 g .  o f  s o d a - l i m e ,  and  
t h e  m i x t u r e  was h e a t e d  f o r  1^ h o u r s  a t  2 1 0 - 2 4 0 ° ,  i n  a m e t a l - b a t h .
A s m a l l  q u a n t i t y  o f  r e s i d u e  was o b t a i n e d  a f t e r  t h e  m i x t u r e  had  been  
r e f l u x e d  w i t h  a c e t o n e ,  and  t h e  f i l t e r e d  a c e t o n e  h ad  been  e v a p o r a t e d  
t o  d r y n e s s .  The s o l i d  r e s i d u e  was i n s o l u b l e  in  a l k a l i  o r  i n  w a t e r ,  
showing t h a t  i s  was n o t  u n ch an g e d  q u i t e n i n e .
The e x p e r i m e n t  was r e p e a t e d  u s i n g  3 g* o f  q u i t e n i n e  and  40 g .  
o f  s o d a - l i m e .  The s o d a - l i m e  and  q u i t e n i n e  had p r e v i o u s l y  b e e n  d r i e d
' T
s e p a r a t e l y .  The m i x t u r e  was h e a t e d  i n  a m e t a l - b a t h  a t  2 2 0 -2 3 0  , 
f o r  l i  h o u r s .  The same r e s u l t  a s  b e f o r e  was o b t a i n e d .
( I I I ) .  Us i n g  B ar ium  H y d r o x i d e .
20 g .  o f  b a r iu m  h y d r o x i d e  and 2 g .  o f  q u i t e n i n e  were g ro u n d  
t o g e t h e r  and  h e a t e d  i n  a m e t a l - b a t h ;  a t  24o°  d e c o m p o s i t i o n  b e g a n .  
The p r o d u c t  became b l a c k ,  and p u n g e n t  fum es mixed w i t h  s team  were 
e v o l v e d .  The h e a t i n g  was o n ly  c o n t i n u e d  f o r  ^ h o u r  a t  t h i s  
t e m p e r a t u r e ,  and t h e  m i x t u r e  was e x t r a c t e d  w i t h  e t h e r ,  washed  w i t h  
a l k a l i  and  t h e n  w i t h  w a t e r ,  a n d  e v a p o r a t e d .  Some r e s i d u e  was
o b t a i n e d ,  w hich  g a v e  a c r y s t a l l i n e  g o l d  s a l t  w i t h  g o l d  c h l o r i d e .
The e x p e r i m e n t  was r e p e a t e d  u s i n g  5 g* o f  q u i t e n i n e  and 70 g .  
o f  b a r iu m  h y d r o x i d e .  The m i x t u r e  was h e a t e d  i n  a m e t a l - b a t h  f o r
i  h o u r  a t  i 4 o ° ,  g ro u n d  up w i t h  w a t e r ,  sh a k e n  w i t h  c h l o r o f o r m ,
f i l t e r e d ,  sh a k e n  a g a i n ,  s e p a r a t e d ,  washed  w i t h  w a t e r ,  s e p a r a t e d  
from t h e  w a t e r ,  and  t h e  c h l o r o f o r m  was e v a p o r a t e d  t o  d r y n e s s .  A 
s m a l l  y i e l d  of  am orphous  s o l i d  m a t t e r  was o b t a i n e d .
A m o d i f i c a t i o n  o f  t h e  ab ov e  e x p e r i m e n t  was made by f i r s t  
f u s i n g  3 g* of  q u i t e n i n e  w i t h  40 g .  o f  b a r iu m  h y d r o x i d e ,  a n d  t h e n  
p o w d e r in g  t h e  s o l i d  mass  ; w h ich  was h e a t e d  a t  2 0 0 - 2 4 0 ° ,  f o r  I  h o u r ,  
g ro u n d  w i t h  w a t e r ,  e x t r a c t e d  w i t h  t o l u e n e ,  t h e  t o l u e n e  washed  t w i c e  
w i t h  w a t e r  and on ce  w i t h  d i s t i l l e d  w a t e r ,  and t h e n  w i t h  d i l u t e  
s u l p h u r i c  a c i d .  The a c i d  l a y e r  was s e p a r a t e d  and b a s i f i e d  w i t h  
ammonia. A n e g l i g i b l e  p r e c i p i t a t e  was o b t a i n e d .
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( I V ) .  A t t e m p t e d  d e c a r b o x y l a t i o n of  q u i t e n i n e  t h r o u g h  t h e  L i t h i u m  
s a l t .
3 .4  g l  o f  q u i t e n i n e  were added  t o  a s o l u t i o n  o f  1 . 5  g .  o f  
l i t h i u m  h y d r o x i d e  i n  50 c . c .  o f  b o i l i n g  w a t e r .  The m i x t u r e  was 
e v a p o r a t e d  t o  d r y n e s s ,  and  when d r y , h e a t e d  i n  a m e t a l - b a t h  a t  
2 0 0 ° .  On w o rk in g  up w i t h  e t h e r ,  no r e s i d u e  was o b t a i n e d . 1
( V ) .  A t t e m p t e d  d e c a r b o x y l a t i o n  o f  q u i t e n i n e  by  d r y  v a c u u m  h e a t i n g .
5 g .  o f  d ry  q u i t e n i n e  w ere  p l a c e d  i n  a r o u n d - b o t t o m e d  f l a s k  
w h ich  was a t t a c h e d  t o  a vacuum pump. The f l a s k  was h e a t e d  i n  a 
m e t a l - b a t h .  No c h a n g e  i n  t h e  q u i t e n i n e  was o b s e r v e d  u n t i l  t h e  
m .p .  was r e a c h e d  (2 7 5  a p p r o x i m a t e l y ) .  At  t h i s  t e m p e r a t u r e  t h e  
q u i t e n i n e  b e g a n  t o  decom pose  r a p i d l y .  I t  became a b l a c k ,  t a r r y  
m ass ,  and  e f f e r v e s c e d  v i g o r o u s l y .  (GO^ coming o f f ? ) .  A f t e r  t h e  
e f f e r v e s c e n c e  was o v e r ,  t h e  b l a c k  t a r  was e x t r a c t e d  w i t h  b e n z e n e ,  
and  t h e  b e n z e n e  was washed w i t h  a l k a l i .  The r e m a i n i n g  t a r  w h ic h  
d i d  n o t  d i s s o l v e  i n  b e n z e n e  was e x t r a c t e d  i n  a S o x h l e t  a p p a r a t u s  .w ith  
a c e t o n e ,  t h e  whole  a p p a r a t u s  b e i n g  w rap ped  i n  a t h i c k  l a y e r  o f  
c o t t o n  wool  t o  k e ep  t h e  t e m p e r a t u r e  o f  e x t r a c t i o n  a s  h i g h  a s  
p o s s i b l e .  The a c e t o n e  v/as e v a p o r a t e d  o f f .  The r e m a i n i n g  t a r  was 
f i n a l l y  e x t r a c t e d  w i t h  e t h e r ,  t h e  e t h e r  waa e x t r a c t e d  w i t h  p o t a s ­
sium c a r b o n a t e  s o l u t i o n  an d  washed  w i t h  w a t e r .  The t h r e e  r e s i d u e s ,  
o b t a i n e d  f rom  t h e  b e n z e n e ,  a c e t o n e  and  e t h e r  e x t r a c t i o n s ,  w e re  d i s s o l ­
v e d  in  a b s o l u t e  a l c o h o l ,  and  a s a t u r a t e d  s o l u t i o n  o f  p i c r i c  a c i d  
i n  a l c o h o l  was a d d e d .  The p i c r a t e  fo rm ed  was a y e l l o w  s o l i d ,  and
2 7
had m .p .  o f  2 2 5 -2 2 6 °  w i t h  p r e v i o u s  s o f t e n i n g ,  and  d a r k e n i n g .
0 . 1 1 6 7  g .  o f  t h e  p i c r a t e  w ere  w e ig hed  o u t  and d i s s o l v e d  in  20 c . c .
o f  p u r e  a c e t o n e .  The s o l u t i o n  was a d e e p  r e d  c o l o r  and  opaque
t o  l i g h t ,  so  i t  was d i l u t e d  t o  i  o f  t h e  o r i g i n a l  c o n c e n t r a t i o n ,  and
p u t  i n  a d e c i m e t r e  t u b e .
Z e r o  o f  t u b e ,  0 .  17
R e a d i n g s  o f  r o t a t i o n  0 . 4 0
0 . 4 0
0 . 4 1
0 . 4 0
T h e r e f o r e  t h e  a n g l e  r e a d - 0 . 2 3  *o
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I V
The b a s e ,  b o t h  when t h e  s o l u t i o n s  were  e v a p o r a t e d  t o  d r y n e s s  and 
a f t e r  b a s i f i c a t i o n  o f  t h e  p i c r a t e ,  had  a  c h a r a c t e r i s t i c  s w e e t ,  
s c e n t - l i k e  s m e l l .
A m o d i f i c a t i o n  o f  t h e  a b o v e  e x p e r i m e n t  was c o n d u c t e d  i n  t h e  
f o l l o w i n g  m an n e r :  5 g .  o f  q u i t e n i n e  a t  a  t im e  were  h e a t e d  by t h e
r e d u c e d  p r e s s u r e  method  ( a s  a b o v e ) ,  u n t i l  a l l  e f f e r v e s c e n c e  had  
s t o p p e d ,  a n d  when 20 g .  had  b e e n  t r e a t e d  i n  t h i s  m anner ,  t h e  whole 
t a r r y  m a t t e r  was s o x h l e t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t e d  n o t h i n g ,  
so b e n z e n e  was u s e d .  On e x a m in i n g  t h e  b e n z e n e  s o l u t i o n  p o l a r i m e t r i -  
c a l l y ,  a  r o t a t i o n  was o b t a i n e d .  (The b e n z e n e  had b een  p r e v i o u s l y  
washed w i t h  a l k a l i  a n d  t h e n  w i t h  w a t e r ,  t o  remove un ch an g e d  q u i t ­
e n i n e . )  The b a s e  was t h e n  o b t a i n e d  f r e e  from b e n z e n e  by e v a p o r a t i o n  
on a w a t e r - b a t h ,  a n d  was d i s s o l v e d  i n  1 : 3  h y d r o c h l o r i c  a c i d  s o l u t i o n .
A r o t a t i o n  o f  t h e  h y d r o c h l o r i d e  was t a k e n ,  and i t  was fo u n d  t o  p o s s e s s
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some o p t i c a l  a c t i v i t y .  The t a r r y  m a t t e r  was s o x h l e t e d  a g a i n  w i t h  
b e n z e n e ,  t h e  b e n z e n e  s o l u t i o n  was e x t r a c t e d  w i t h  a k k a l i ,  w ashed  w i t h  
w a t e r ,  a n d  d r i e d  o v e r  sodium c a r b o n a t e  and  b l o o d  c h a r c b a l ,  ( t o  
remove t h e  c o l o r ) ? Dry h y d r o g e n  c h l o r i d e  was p a s s e d  i n t o  t h e  
f i l t e r e d  s o l u t i o n ,  i n  o r d e r  t o  t r y  and  o b t a i n  t h e  h y d r o c h l o r i d e  
c r y s t a l l i n e ,  b u t  t h e  on ly  r e s u l t  was a j u s t . v i s i b l e  c l o u d i n e s s .
2 9 .
ATTEMPTED PREPARATION OF QUITENINE AMIDE OR 
DERIVATIVES OF QUITENINE AMIDE.
( I ) .  3 g .  o f  q u i t e n i n e  w ere  t r e a t e d  w i t h  30 g .  o f  t h i o n y l  c h l o r i d e .  
The q u i t e n i n e  was p l a c e d  in  a f l a s k  f i t t e d  w i t h  a c o n d e n s e r ,  and  t h e  
t h i o n y l  c h l o r i d e  was g r a d u a l l y  a d d e d .  A f t e r  t h e  a d d i t i o n  was 
c o m p l e t e ,  t h e  m i x t u r e  was warmed t o  a b o u t  6 0 ° ,  a n d  t h e  e x c e s s  o f  
t h i o n y l  c h l o r i d e  was removed u n d e r  r e d u c e d  p r e s s u r e .  B en ze n e  was 
ad ded  r e p e a t e d l y ,  and  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e ,  u n t i l  a l l  
t h e  t h i o n y l  c h l o r i d e  had  b e e n  removed and  t h e  s o l i d  was a  c r y s t a l l i n e  
m a s s .  The s o l i a  v;as removed f rom  t h e  f l a s k ,  and  g ro u n d  up w i t h  s o l i d  
ammonium c a r b o n a t e .  The w ho le  was t h e n  a d d ed  t o  w a t e r ,  t h e  s o l u t i o n  
was e x t r a c t e d  w i t h  c h l o r o f o r m ,  w h ich  was d r i e d  o v e r  sodium c a r b o n a t e ,  
and  e v a p o r a t e d  t o  d r y n e s s .  No r e s i d u e  v/as o b t a i n e d .
( I I ) .  4 g of  q u i t e n i n e  w ere  ad ded  t o  20 g .  o f  t h i o n y l  c h l o r i d e ,
i n  w hich  i t  a l l  d i s s o l v e d  w i t h  t h e  e v o l u t i o n  o f  h e a t .  The e x c e s s  o f  
t h i o n y l  c h l o r i d e  was removed a s  b ' e f o r e .  The a c i d  c h l o r i d e  h y d r o ­
c h l o r i d e  was g rou n d  up t o  a f i n e , d r y  p o w der  and s u s p e n d e d  i n  d ry
b e n z e n e  ; ammonia g a s ,  d r i e d  o v e r  s o d a - l i m e  was p a s s e d  i n t o  t h e  
s u s p e n s i o n  f o r  two h o u r s .  The b e n z e n e  was t h e n  f i l t e r e d  from any 
unch an g ed  s o l i d  m a t e r i a l ,  and  e v a p o r a t e d .  The r e s i d u e  was pow dered  
up ,  and  a n a l y s e d .
A n a l y s i s .  S u b s t a n c e ,  0 . 4 2 9 0  g .
a f t e r  c o m b u s t i o n  T = 20°
p ^ 759 mm.
vo lum e  o f  n i t r o g e n  3 6 . 3  c . c .
N f o u n d  1 0 . 9 # .
Q u i t e n i n e  amide 0^  N^ r e q u i r e s  N 1 2 .4 #
3 P .
•rüf'
( I I I ) .  Q u i t e n i n e  h y d r o c h l o r i d e  was p r e p a r e d  by e v a p o r a t i n g  5 g .  
o f  q u i t e n i n e  w i t h  5 c . c .  of  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  An 
e x a c t l y  e q u i v a l e n t  amount o f  t h i o n y l  c h l o r i d e  was u se d  t o  p r e p a r e  
t h e  a c i d  c h l o r i d e .  A f t e r  w o rk in g  up a s  u s u a l ,  d ry  ammonia g a s  was 
p a s s e d  i n t o  a b e n z e n e  s u s p e n s i o n  of  t h e  s o l i d  f o r ^1 h o u r .  E x c e s s  
o f  ammonia was removed u n d e r  r e d u c e d  p r e s s u r e ,  and d ry  h y d r o c h l o r i c  
a c i d  g a s  was p a s s e d  i n ,  A n e g l i g i b l e  p r e c i p i t a t e  o f  t h e  h y d r o c h l o r i d e  
was o b t a i n e d ,  and  was n o t  worked up.
The e x p e r i m e n t  was r e p e a t e d ,  a d d i n g  an e x c e s s  ( ^  m o l . )  of  
t h i o n y l  c h l o r i d e ,  and  w ork ing  up a s  b e f o r e .  The same n e g a t i v e  r e s u l t  
was o b t a i n e d .
( I V) .  Q u i t e n i n e  amide h y d r o c h l o r i d e .
The amide  was p r e p a r e d  a s  i n  e x p e r i m e n t  I I ,  b u t  t h e  b enzene  was 
n o t  a l l  e v a p o r a t e d  o f f .  Dry h y d r o c h l o r i c  a c i d  g a s  was p a s s e d  i n t o  
t h e  s o l u t i o n ,  and  a w h i t e  amorphous p r e c i p i t a t e  was o b t a i n e d .  E t h e r  
was a d d e d ,  and t h e  whole  was f i l t e r e d  and l e f t  i n  a vacuum d e s i c c a ­
t o r  f o r  15 h o u r s ,  o v e r  p h o s p h o r u s  p e n t o x i d e  and p a r a f f i n  wax.
A n a l y s i s .  S u b s t a n c e ,  0.274-2 g .
A f t e r  c o m b u s t io n ,  
temp. 1 8 ° .  
p r e s s .  754 mm.
volume o f  n i t r o g e n  2 0 .8  c . c .
Pound N, 8 . 7 #
C a l c .  N, 1 0 . 1 # .
3 1 .
A t t e m p t e d  p r e p a r a t i o n  o f  b e n z o y l  q u i t e n i n e  a m i d e .
A.
4 g .  o f  q u i t e n i n e  were h e a t e d  w i t h  10 g ,  o f  b e n z o y l  c h l o r i d e  
on a b o i l i n g  w a t e r - b a t h  f o r  one h o u r .  The s o l i d  o b t a i n e d  was 
washed f r e e  f rom b e n z o y l  c h l o r i d e  w i t h  e t h e r ,  was d i s s o l v e d  i n  a 
l i t t e l  a b s o l u t e  a l c o h o l ,  an d  was p r e c i p i t a t e d  w i t h  e t h e r .  The 
y i e l d  was 4 g .
T h i s  e x p e r i m e n t  was r e p e a t e d  u s i n g  9 g« o f  q u i t e n i n e  and  25 g* 
o f  b e n z o y l  c h l o r i d e ,  and  t h e  y i e l d  was 13 g*
B.
P r e p a r a t i o n o f  t h e  a c i d  c h l o r i d e  o f  b e n z o y l  q u i t e n i n e .
B e n z o y l  q u i t e n i n e  h y d r o c h l o r i d e  was r e f l u x e d  f o r  I  h o u r  a t  1 0 0 ° ,  
w i t h  2 0 g .  o f  t h i o n y l  c h l o r i d e ,  i n  w h ic h  i t  a l m o s t  i m m e d i a t e l y  d i s ­
s o l v e d  on w arm ing .  The e x c e s s  o f  t h i o n y l  c h l o r i d e  was removed a s  
u s u a l ,  and  t h e  p r e c i p i t a t e  was washed  w i t h  d r i e d  b e n z e n e ,  g r o u n d  up ,  
l e f t  i n  v a c u o  f o r  20 h o u r s  o v e r  p h o s p h o r u s  p e n t o x i d e ,  p o t a s s i u m  
h y d r o x i d e ,  s u l p h u r i c  a c i d  and p a r a f f i n  wax.
y i e l d  = 4 g .
A n a l y s i s ,
S u b s t a n c e ,  0 . 4 3 1 7  g .  AgCl , 0 . 3 8 9 9  g .  
whence  01 ,  2 2 .4 #
Q u i t e n i n e  c h l o r i d e  h y d r o c h l o r i d e  r e q u i r e s  Gl 1 7 .9 # .
2 HCl r e q u i r e s  C l  2 4 .6 #
B e n z o y l  q u i t e n i n e  c h l o r i d e  h y d r o c h l o r i d e
r e q u i r e s  Cl  1 4 .2 #
2 HCl r e q u i r e s  C l  1 9 .3 #
"  G.
R e p e a t e d  a t t e m p t  o f  t h e  p r e p a r a t ion  o r  b e n z o y l  q u i t e n i n e  a m i d e .
2 g .  o f  t h e  a c i d  c h l o r i d e  h y d r o c h l o r i d e  w ere  g ro u n d  up w i t h  
0o330 ammonia.  H e a t  was l i b e r a t e d  d u r i n g  t h e  r e a c t i o n .  The p r o d u c t
was e x t r a c t e d  w i t h  b e n z e n e  w h ic h  was w ashed  w i t h  w a t e r ,  a n d  t h e
\
b e n z e n e  was d i s t i l l e d  o f f .  The s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s , ’
t h e  r e s i d u e  was washed  w i t h  p e t r o l e u m  e t h e r  ( b . p .  6O -8 0 0 ) a n d  l e f t
i n  a vacuum d e s i c c a t o r  o v e r  p h o s p h o r u s  p e n t o x i d e ,  c a u s t i c  p o t a s h ,
s u l p h u r i c  a c i d  an d  p a r a f f i n  wax.
Y i e l d  o f  s o l i d  m a t t e r  0 . 5  g .
A n a l y s i s .  5 .2 6 2  mg. gave  3*615 mg. o f  c a r b o n  d i o x i d e ,
1 .9 4 0  rag. o f  w a t e r . • Ash. 0 . 0 2 6  mfe.
I ■ "
7 .5 2 6  mg. g a v e  0 . 4 9 0  o . c .  o f  n i t r o g e n  a t  750 mm a n d  24 .
I g n o r i n g  t h e  a s h ;
C 6 3 - 6 %
H 6 . 3 %
N 7.3^
B e n z o y l  q u i t e n i n e  am ide  (Cgg 0 ^  N , )  r e q u i r e s :
C 70 .
H 6.3/%
N 9 .  4^
3 3 .
PREPARATION OF CINCHONINE METHOBROMIDE.
The method d e s c r i b e d  in  t h e  l i t e r a t u r e  was f i r s t  u s e d ,  and gave 
t h e  f o l l o w i n g  r e s u l t :
A s u s p e n s i o n  o f  60 g .  o f  c in c h o n in e  i n  1000 c . c .  o f  a b s o l u t e  
m e th y l  a l c o h o l  was s a t u r a t e d  w i t h  m e th y l  b rom ide ,  'and  k e p t  i n  t h e  
c o ld  f o r  two d a y s .  The c l e a r  s o l u t i o n  was d i s t i l l e d  u n t i l  t h e  
volume was 150 c . c .  On c o o l i n g  t h e  s o l u t i o n ,  c r y s t a l s  s e p a r a t e d ,  
b u t  150 c . c .  of  w a t e r  were ad ded  t o  p r e c i p i t a t e  t h e  p r o d u c t .
The h e a t e d  s o l u t i o n  was f i l t e r e d  t o  remove t h e  scum and a l l o w e d  t o  
c r y s t a l l i s e .  F i l t r a t i o n  f o l l o w e d  by d r y i n g  a t  100° gave 73 g« of 
c i n c h o n i n e  m ethobrom ide  (90% y i e l d ) .
The d i f f i c u l t y  o f  o b t a i n i n g  m e th y l  b ro m id e ,  and t h e  t im e  r e ­
q u i r e d  f o f  t h e  above o p e r a t i o n s  made i t  n e c e s s a r y  t o  e f f e c t  im prove­
m e n t s .  The f o l l o w i n g  method was found  s a t i s f a c t o r y ;  A s u s p e n s i o n  
o f  59 g .  o f  c i n c h o n i n e  in  60 c . c .  o f  a b s o l u t e  m e t h y l  a l c o h o l - w a s  
t r e a t e d  w i t h  a s o l u t i o n  o f  19 c . c .  o f  m e th y l  s u l p h a t e  in  100 c . c .  
o f  m e th y l  a l c o h o l .  On warming g e n t l y ,  t h e  c i n c h o n i n e  d i s s o l v e d ;  
t h e  s o l u t i o n  was e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e ,  500 c . c .  of  
w a t e r  were  a d d e d ;  t h e  s o l u t i o n  was f i l t e r e d  from unchanged  c in c h o n ­
in e  (3  g . ) ;  t h e  f i l t r a t e  was h e a t e d  t o  a b o u t  6 0* ,^ and t r e a t e d  w i th  
a s o l u t i o n  of  43 g . o f  p o t a s s i u m  brom ide  in  500 c . c .  of  w a t e r .  On 
c o o l i n g ,  67 g .  of  c o l o r l e s s ,  h i g h l y  c r y s t a l l i n e  c i n c h o n i n e  m etho­
brom ide  were  o b t a i n e d .  (87% y i e l d ,  o r  92%, a l l o w i n g  f o r  t h e  r e c o v e r e d  
c i n c h o n i n e ) .
 ^ ' 34.
PREPARATION OF THE MSTHOCHLORIDES OF SOME CINCHONA ALKALOIDS.
M e t h o c h i o r i d e s  o f  c i n c h o n i n e ,  c i n c h o n i d i n e ,  q u i n i n e  a n d  "  
q u i n i d i n e  w e re  p r e p a r e d  by a s u i t a b l e  m o d i f i c a t i o n  o f  t h e  p r o c e s s  
u s e d  f o r  c i n c h o n i n e '  m e t h o b r o m i d e ;  i . e . ,  by s u b s t i t u t i n g  ammonium 
c h l o r i d e  f o r  p o t a s s i u m  b r o m i d e ,  and  w h e re  n e c e s s a r y ,  u s i n g  c o n s i d ­
e r a b l y  l e s s  m e t h y l  a l c o h o l ,  ( e . g . , f o r  c i n c h o n i d i n e ) .  I t  i s  
i n t e r e s t i n g  t h a t  c i n c h o n i n e  a n d  i t s  m e t h o h a l i d e s  a r e  v e r y  much l e s s  
s o l u b l e  i n  h y d r o x y l i c  s o l v e n t s  t h a n  c i n c h o n i d i n e  a n d  i t s  m e t h o ­
h a l i d e s .
Q u i n i d i n e  Me t h o c h l o r i d e .
T h i s  s u b s t a n c e ,  w h ic h  ow in g  t o  i t s  c o n s i d e r a b l e  s o l u b i l i t y  i n  
t h e  a l c o h o l s  an d  w a t e r ,  was o n l y  o b t a i n e d  w i t h  d i f f i c u l t y ,  i s  n o t  
d e s c r i b e d  i n  t h e  l i t e r a t u r e .  A n a l y s i s  o f  t h i s  compound was t h e r f o r e  
c a r r i e d  o u t :
( 1 ) .  S u b s t a n c e , '  0 . 3 5 2 3  g»
AgCl 0 . 2 1 5 3  g .
Whence C l ,  9 . % .
( 2 ) .  S u b s t a n c e ,  0 . 4 3 6 5  g .  v '
' .. ;:n. ,
AgCl 0 . 1 9 3 5  g .
Whence C l ,  10.&%.
( 3 ) .  S u b s t a n c e ,  0 . 7 2 9 6  go
AgCl 0 . 2 8 3 4  g .
Whence C l ,  9 .8% .
— - r- — — — —  — -^-------------------
:  - ' . - ' ' 3 5 .
%  ' I-  -' : '  '
%"' The m e t h o c h l o r i d e  was fo u n d  t o  be a  h y d r a t e :
0 . 6 9 4 6  g .  o f  t h e  s a l t  l o s t ;
0 . 0 3 0 0  g .  o f  w a t e r  i n  1 h o u r  a t  1 1 0 ° .  ^
a  f u r t h e r  0 . 0 0 1  g .  a f t e r  an a d d i t i o n a l  h o u r  a t  1 1 0 ° .
A f t e r  15 h o u r s  i n  v a c u o  o v e r  p h o s p h o r u s  p e n t o x i d e  A f u r t h e r  lo s s  
o f  0 . 0 0 3  go was o b t a i n e d .
...
The l o s s  was n o t  i n c r e a s e d  by f u t t h e r  d r y i n g  a t  1 1 0 °
T o t a l  l o s s  0 . 0 3 3 0 . g .  o f  w a t e r .
F o r  a  m o n o h y d r a t e ,  t h e  l o s s  s h o u l d  b e  0 . 0 3 1 9  g .  
T h e r e f o r e  t h e  s a l t  f o r m s  a  m o n o h y d r a t e *
n
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CLIV.—The Reactions of Substituted Ammonium  
Aryloxides and of Related Compounds. Part I. 
The Preparation and Thermal Decomposition of 
Some Tetrasubstituted Ammonium Aryloxides.
B y  R osalind Venetia H enley and E ustace E benezer
Turner.
Compounds of the class described in this communication may be
+  —
written as of the general type R^NjOAr, and are related to the 
metalhc phenoxides in structure, but differ from these in that the 
phenoxide radical can only be electrovalently attached to the te tra­
substituted ammonium radical, on the assumption that nitrogen is 
only capable of quadricovalency, whereas many of the metalhc
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p h e n o x i d e s  m a y  e x h i b i t  t h e  p h y s i c a l  p r o p e r t i e s  o f  c o v a l e n t  c o m ­
p o u n d s  {viz., t h e  s o l u b i l i t y  o f  s o d i u m  p - n a p h t h o x i d e  a n d  o f  s o d i u m  
^ - c h l o r o p h e n o x i d e  i n  a n h y d r o u s  e t h e r )  ( T i j m s t r a  a n d  E g g i n k ,  Ber.y 
1 9 0 6 ,  3 9 ,  1 4 ;  H a n t z s c h  a n d  M a i ,  Ber., 1 8 9 5 ,  2 8 ,  9 7 8 ) .
I n  v i e w  o f  t h e  f a c t  t h a t  m a n y  o f  t h e  r e a c t i o n s  o f  p h e n o l s  i n  
a l k a l i n e  s o l u t i o n  a r e  r e g a r d e d  a s  b e i n g  c a u s e d  b y  t h e  i o n i s a t i o n  o f  
t h e  m e t a l l i c  p h e n o x i d e ,  w e  t h o u g h t  t h a t  s u c h  t y p i c a l  p r o c e s s e s  a s  
t h e  K o l b e - S c h m i t t  c a r b o x y l a t i o n  a n d  t h e  R e i m e r - T i e m a n n  r e a c t i o n  
c o u l d  w i t h  a d v a n t a g e  b e  s t u d i e d  i n  t h e  a m m o n i u m  s e r i e s .  I n  t h e  
p r e s e n t  c o m m u n i c a t i o n  w e  d e s c r i b e  t h e  p r e p a r a t i o n  o f  s o m e  t e t r a ­
s u b s t i t u t e d  a m m o n i u m  a r y l o x i d e s ,  a n d  t h e i r  b e h a v i o u r  t o w a r d s  
h e a t ,  s i n c e  w e  r e q u i r e d  a  k n o w l e d g e  o f  t h e i r  t h e r m a l  s t a b i l i t y  b e f o r e  
u n d e r t a k i n g  a n  e x a m i n a t i o n  o f  t h e i r  r e a c t i o n s .
A  n u m b e r  o f  t e t r a s u b s t i t u t e d  a m m o n i u m  p i c r a t e s  a r e  k n o w n ,  b u t  
t h e s e  a r e  c l e a r l y  u n s u i t a b l e  f o r  t h i s  w o r k .  T h e  p r e p a r a t i o n  o f  
jphenyltrimethylammonium o-nitrophenoxide w a s  f i r s t  a t t e m p t e d ,  s o  
a s  t o  g a u g e  t h e  e x p e r i m e n t a l  d i f f i c u l t i e s  l i k e l y  t o  b e  e n c o u n t e r e d  
w h e n  l e s s  a c i d i c  p h e n o l s  w e r e  u s e d .  W e  r e a l i s e d  t h a t ,  a c c o r d i n g  
t o  c o m m o n l y  a c c e p t e d  t h e o r y ,  o -  a n d  p - n i t r o p h e n o x i d e s  a r e  s a l t s  o f  
t h e  c o l o u r e d  q u i n o n o i d  f o r m s ,  a n d  n o t  t h e r e f o r e  t r u e  p h e n o x i d e s .  
T h i s  t h e o r y ,  h o w e v e r ,  i s  l e s s  s a t i s f a c t o r y  t h a n  i s  s o m e t i m e s  a s s u m e d ,  
f o r  i t  d o e s  n o t  e n t i r e l y  a c c o r d  w i t h  t h e  e x p e r i m e n t a l  o b s e r v a t i o n s  
o f  t h e  a c t i o n  o f  a l k y l  h a l i d e s  o n  s i l v e r  n i t r o p h e n o x i d e s ,  a n d  d o e s  n o t  
e x p l a i n  t h e  b r i g h t  r e d  c o l o u r  o f  s o d i u m  m - n i t r o p h e n o x i d e ,  n o r  t h e  
e x i s t e n c e  o f  o r a n g e - r e d  f o r m s  o f  2  : 4  : 6- t r i b r o m o p h e n o l  a n d  s i m i l a r  
c o m p o u n d s  ( T o r r e y  a n d  H u n t e r ,  Ber., 1 9 0 7 ,  4 0 ,  4 3 3 3 ;  H a n t z s c h  
• a n d  S c h o l t z e ,  ibid., p .  4 8 8 1 ) .
A l t h o u g h  p h e n y l t r i m e t h y l a m m o n i u m  o - n i t r o p h e n o x i d e  i s  e x ­
t r e m e l y  h y g r o s c o p i c ,  i t  w a s  i s o l a t e d  a s  a  s c a r l e t ,  h i g h l y  c r y s t a l h n e  
s u b s t a n c e  : t h e  c o r r e s p o n d i n g  p-nitrophenoxide, a l s o  v e r y  h y g r o ­
s c o p i c ,  w a s  y e l l o w .  S o  f a r  t h e  m - n i t r o p h e n o x i d e  h a s  r e m a i n e d  a s  a  
d e e p  r e d  o i l  i n  s p i t e  o f  a l l  a t t e m p t s  t o  m a k e  i t  c r y s t a l h s e .
T h e  i s o l a t i o n  o f  pheriylirimethylamrrioriiurrb phenoxide p r o v e d  
d i f f i c u l t ,  b u t  t h e  s u b s t a n c e  w a s  e v e n t u a l l y  o b t a i n e d  i n  q u a n t i t y .  
I t  e x h i b i t e d  t r u e  s a l t - l i k e  i n s o l u b i l i t y  i n  a n h y d r o u s  e t h e r ,  b u t  w a s  
v e r y  s o l u b l e  i n  w a t e r  a n d  i n  a l c o h o l ,  a n d  w a s  s u f f i c i e n t l y  s o l u b l e  i n  
n i t r o b e n z e n e  t o  c r y s t a l l i s e  f r o m  t h i s  s o l v e n t .  PJienyltrimethyl- 
ammoninm cL-naphthoxide w a s  e v e n  m o r e  d i f f i c u l t  t o  i s o l a t e  i n  t h e  
p u r e  s t a t e ,  b u t  w a s  f i n a l l y  c r y s t a l l i s e d  f r o m  n i t r o b e n z e n e  a n d  a l s o  
f r o m  a c e t o n e .
Phenyltrimethylammonium thiophenoxide a n d  phenyltrimethyU 
arsonium thiophenoxide h a v e  b e e n  p r e p a r e d .  T h e i r  i s o l a t i o n  i s  m u c h  
l e s s  d i f f i c u l t  t h a n  t h a t  o f  t h e  a b o v e  p h e n o x i d e s .
W e  p r o p o s e  t o  s t u d y  a l l  t h e  r e l e v a n t  r e a c t i o n s  o f  t h e  n e w  s e r i e s  o f
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p h e n o x i d e s  i n  t h e  s o H d  s t a t e ,  i n  w e a k l y  i o n i s i n g  s o l v e n t s  s u c h  a s  
n i t r o b e n z e n e ,  a n d  i n  h y d r o x y l i c  s o l v e n t s .  P r e l i m i n a r y  w o r k  h a s  
a l r e a d y  s h o w n  t h a t  t h e  a m m o n i u m  p h e n o x i d e s  a r e  v e r y  m u c h  m o r e  
r e a c t i v e  t h a n  t h o s e  o f  t h e  a l k a l i  m e t a l s .  I n  t h e  p r e s e n t  c o m m u n i c ­
a t i o n ,  h o w e v e r ,  w e  c o n f i n e  o u r  a t t e n t i o n  t o  t w o  s e t s  o f  o b s e r v a t i o n s  :
( 1) o n  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  t h e  a r y l o x i d e s  a n d  (2) o n  t h e i r  
i n t e r a c t i o n  w i t h  a l k y l  i o d i d e s .
I n i t i a l  e x p e r i m e n t s  o n  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  t h e  p h e n o x i d e s  
s h o w e d  t h a t  t h e s e  c o m p o u n d s  u n d e r g o  p a r t i c u l a r l y  s m o o t h  a n d  
q u a n t i t a t i v e  s c i s s i o n  :
0 A r  =  R ^ R ^ R g N  -}- R ^ O A r .
I n  f a c t ,  i n  a  s t u d y  o f  i t s  t h e r m a l  d e c o m p o s i t i o n  a  t e t r a s u b s t i t u t e d  
a m m o n i u m  a r y l o x i d e  m a y  f o r  a l l  p r a c t i c a l  p u r p o s e s  b e  r e g a r d e d  a s  a  
m i x t u r e  o f  i t s  d e c o m p o s i t i o n  p r o d u c t s ,  w h i c h  h a s  t o  b e  p u r i f i e d  b y  
v a c u u m  d i s t i l l a t i o n .  I n  a l l  t h e  c a s e s  e x a m i n e d ,  t h e r m a l  d e c o m ­
p o s i t i o n  p r o c e e d s  q u a n t i t a t i v e l y  i n  a  f e w  m i n u t e s .  F o r  e x a m p l e ,  
i f  p h e n y l t r i m e t h y l a m m o n i u m  p h e n o x i d e  i s  “  d i s t i l l e d  ”  u n d e r  
r e d u c e d  p r e s s u r e  b y  m e a n s  o f  a  h e a t i n g  b a t h  k e p t  a t  a b o u t  120° ,  
d i m e t h y l a n i l i n e  a n d  a n i s o l e  p a s s  o v e r  a s  r a p i d l y  a s  t h e  a p p a r a t u s  
a l l o w s ,  a n d  a r e  o b t a i n e d  i n  q u a n t i t a t i v e  y i e l d .
A  c o n v e n i e n t  m e t h o d  i s  t h u s  m a d e  a v a i l a b l e  f o r  a  s t u d y  o f  t h e  m o d e  
o f  d e c o m p o s i t i o n  o f  t e t r a s u b s t i t u t e d  a m m o n i u m  a r y l o x i d e s  o f  a  
n u m b e r  o f  d i f f e r e n t  t y p e s .  T h e  c o u r s e  o f  a n y  s u c h  t h e r m a l  d e c o m ­
p o s i t i o n  m a y  b e  c o n t r o l l e d  e i t h e r  b y  t h e  g r o u p s  R j ,  R g ,  R g ,  a n d  R ^  
c o n t a i n e d  i n  t h e  a m m o n i u m  i o n ,  o r  b y  t h e  a r y l  g r o u p  o f  t h e  a r y l o x i d e  
i o n ,  b u t  c o n s i d e r a t i o n  o f  t h e  p r o b a b l e  m e c h a n i s m  o f  t h e  d e c o m ­
p o s i t i o n  s u g g e s t s  t h a t ,  a l t h o u g h  t h e  a r y l o x y - g r o u p  m a y  a f f e c t  t h e  
speed o f  d e c o m p o s i t i o n ,  i t  i s  u n l i k e l y  t o  h a v e  a n y  e f f e c t  o n  t h e  sense 
o f  t h a t  d e c o m p o s i t i o n .  T h e  s i m p l e s t  e x p r e s s i o n  f o r  t h e  d e c o m ­




O A r  R j I N I R a  +  R 4 +  O A r  — ^  R i R g R g N  +  R ^ O A r .
T h a t  i s ,  s i n c e  t h e  a m m o n i u m  i o n  i s  f o r c e d  t o  e j e c t  o n e  o f  i t s  R  c o m ­
p o n e n t s ,  i t  e x p e l s  t h a t  o n e  w h i c h  i s  l e a s t  f i r m l y  a t t a c h e d .  T h i s  
e j e c t e d  f r a g m e n t  R ^  w i l l  h a v e  a  b r i e f  e x i s t e n c e  a s  a  p o s i t i v e  i o n ,  a n d  
n e u t r a l i t y  w i l l  b e  a t t a i n e d  b y  i t s  c o m b i n a t i o n  w i t h  t h e  a r y l o x i d e  i o n .  
I t  i s  k n o w n  t h a t  d u r i n g  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  l e a d  t e t r a -  
m e t h y l ,  m e t h y l  i o n s  d o  p e r s i s t  d u r i n g  a  s h o r t  t i m e  ( P a n e t h  a n d  
H o f e d i t z ,  Ber., 1 9 2 9 ,  6 2 ,  1 3 3 5 ) .  A l t h o u g h  i t  i s  p o s s i b l e  t h a t  t h e  
a r y l o x i d e  i o n  m a y  h a v e  p r e f e r e n c e  f o r  o n e  o r  o t h e r  o f  t h e  g r o u p s  R ,
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i t  s e e m s  c l e a r  t h a t  t h e  m a i n  c o n t r o l l i n g  m e c h a n i s m  i s  t h e  i n i t i a l  
d e c o m p o s i t i o n  o f  t h e  a m m o n i u m  c o m p l e x .
T h e  t h e r m a l  d e c o m p o s i t i o n  o f  p h e n y l t r i m e t h y l a m m o n i u m  p h e n ­
o x i d e ,  0- , W - , a n d  p - n i t r o p h e n o x i d e ,  2 : 4:-dinitrop}ienoxide, a - n a p h t h -  
o x i d e ,  a n d  m - 4 - x y l y l o x i d e  l e a d s  i n  e v e r y  i n s t a n c e  t o  d i m e t h y l a n i l i n e  
a n d  t h e  m e t h y l  e t h e r  o f  t h e  p h e n o l .  I n  n o  c a s e  w a s  a  d e t e c t a b l e  
q u a n t i t y  o f  t h e  d i p h e n y l  e t h e r  t y p e  f o r m e d .  T h e  t h e r m a l  d e c o m ­
p o s i t i o n  o f  phenylbenzyldimethylammonium o-nitro- a n d  2 : 4:-dinitr0‘ 
phenoxide a n d  t h e  x y l y l o x i d e  a l l  g i v e  d i m e t h y l a n i l i n e ,  t h e  b e n z y l  
r a d i c a l  i n  e a c h  c a s e  u n d e r g o i n g  m o s t  r e a d y  e j e c t i o n  f r o m  t h e  
a m m o n i u m  i o n ,  a n d  a p p e a r i n g  a s  t h e  c o r r e s p o n d i n g  b e n z y l  a r y l  
e t h e r .  T o  a  l i m i t e d  e x t e n t ,  t h e s e  r e s u l t s  s u g g e s t  t h a t  e v e n  p r o ­
f o u n d  m o d i f i c a t i o n  o f  t h e  a r y l o x i d e  d o e s  n o t  h a v e  a n y  e f f e c t  o n  t h e  
c o u r s e  o f  t h e  d e c o m p o s i t i o n .
T h e r m a l  d e c o m p o s i t i o n  o f  phenyldimethylethylammonium  2  : 
nitrophenoxide, o n  t h e  o t h e r  h a n d ,  i s  n o t  u n i d i r e c t i o n a l ,  d i m e t h y l ­
a n i l i n e ,  m e t h y l e t h y l a n i l i n e ,  2  : 4 - d i n i t r o a n i s o l e  a n d  2  : 4 - d i n i t r o -  
p h e n e t o l e  a l l  b e i n g  f o r m e d .
P h e n y l t r i m e t h y l a m m o n i u m  t h i o p h e n o x i d e  u n d e r g o e s  q u a n t i t a t i v e  
t h e r m a l  d e c o m p o s i t i o n  i n t o  d i m e t h y l a n i l i n e  a n d  t h i o a n i s o l e .  W h e n  
p h e n y l t r i m e t h y l a r s o n i u m  t h i o p h e n o x i d e  i s  h e a t e d ,  s l i g h t  s u b l i m -  
a t i o n  t a k e s  p l a c e ,  b u t  a g a i n  q u a n t i t a t i v e  d e c o m p o s i t i o n  o c c u r s ,  
g i v i n g  p h e n y l d i m e t h y l a r s i n e  a n d  t h i o a n i s o l e .
W e  h a v e  a l s o  e x a m i n e d  t h e  e f f e c t  o f  b o i l i n g  a q u e o u s  s o l u t i o n s  o f  
s o m e  t e t r a s u b s t i t u t e d  a m m o n i u m  a r y l o x i d e s .  I t  w a s  n o t  s u r p r i s i n g  
t o  f i n d  t h a t  p h e n y l t r i m e t h y l a m m o n i u m  p h e n o x i d e  w a s  r a p i d l y  a n d  
c o m p l e t e l y  c o n v e r t e d ,  w h e n  b o i l e d  i n  10%  a q u e o u s  s o l u t i o n ,  i n t o  
d i m e t h y l a n i l i n e ,  p h e n o l  a n d  m e t h y l  a l c o h o l ,  a n d  t h a t  n o  a n i s o l e  
c o u l d  b e  d e t e c t e d ,  b u t  i t  w a s  n o t  a n t i c i p a t e d  t h a t  p r o l o n g e d  b o i l i n g ,  
f o l l o w e d  b y  e v a p o r a t i o n  t o  d r y n e s s  ' o f  t h e  c o r r e s p o n d i n g  p - n i t r o -  
p h e n o x i d e ,  w o u l d  b e  u n a c c o m p a n i e d  b y  a p p r e c i a b l e  h y d r o l y s i s  o r  
d e c o m p o s i t i o n ,  w h i c h  w a s  o u r  e x p e r i m e n t a l  o b s e r v a t i o n .  E x p e r i ­
m e n t s  a r e  i n  p r o g r e s s  o n  t h e  e f f e c t  o f  l i m i t e d  a m o u n t s  o f  w a t e r  a n d  
o t h e r  s o l v e n t s  o n  t h e  d e c o m p o s i t i o n  o f  t h e  p h e n o x i d e s .
A f t e r  t h e  a b o v e  w o r k  w a s  c o m p l e t e d ,  w e  f o u n d  t h a t  H a n h a r t  a n d  
I n g o l d  ( J . ,  1 9 2 7 ,  9 9 7 ) ,  i n  t h e i r  s t u d y  o f  a  d i f f e r e n t  p r o b l e m ,  h a d  
d e c o m p o s e d  t r i m e t h y l - % - p r o p y l a m m o n i u m  p h e n o x i d e  a n d  m - n i t r o ­
p h e n o x i d e ,  w i t h o u t  a t t e m p t i n g  t o  i s o l a t e  t h e m .  W e  h a v fe  b e e n  i n  
c o m m u n i c a t i o n  w i t h  P r o f e s s o r  I n g o l d ,  w h o  e x p r e s s e d  h i s  w i l l i n g n e s s  
f o r  u s  t o  p r o c e e d  w i t h  o u r  w o r k .
T e t r a s u b s t i t u t e d  a m m o n i u m  a r y l o x i d e s  r e a c t  w i t h  m e t h y l  ( e t h y l )  
i o d i d e  t o  g i v e  t h e  q u a t e r n a r y  a m m o n i u m  i o d i d e  a n d  a  p h e n o l i c  e t h e r  r
N R j Ô A r  +  M e l  =  N R J Ï  +  M e O A r
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a n d  h e r e  t h e  s p e e d  o f  t h e  r e a c t i o n  i s  a f f e c t e d  l a r g e l y  b y  t h e  n a t u r e  
o f  t h e  g r o u p s  s u b s t i t u t e d  i n  t h e  a r y l o x i d e  i o n .
O f  t h e  p h e n y l t r i m e t h y l a m m o n i u m  p h e n o x i d e s  a t  o u r  d i s p o s a l ,  t h e  
m - 4 - x y l y l o x i d e  a n d  t h e  a - n a p h t h o x i d e  r e a c t e d  v i g o r o u s l y  w i t h  c o l d  
m e t h y l  i o d i d e ,  a n d  t h e  p h e n o x i d e  a l m o s t  a s  r e a d i l y .  T h e  o - n i t r o ­
p h e n o x i d e  r e a c t e d  c o m p l e t e l y  w i t h  m e t h y l  i o d i d e  a f t e r  f i v e  m i n u t e s ’ 
b o i l i n g  i n  a l c o h o l i c  s o l u t i o n ,  w h e r e a s  t h e  2 : 4- d i n i t r o p h e n o x i d e  w a s  
u n a f f e c t e d  b y  t h i s  t r e a t m e n t ,  a l t h o u g h ,  a f t e r  b e i n g  b o i l e d  i n  m e t h y l -  
a l c o h o l i c  s o l u t i o n  w i t h  m e t h y l  i o d i d e  f o r  t h r e e  h o u r s ,  i t  w a s  e n t i r e l y  
c o n v e r t e d  i n t o  t h e  q u a t e r n a r y  i o d i d e  a n d  d i n i t r o a n i s o l e .  T h e s e  
r e s u l t s  i n d i c a t e  q u i t e  d e f i n i t e l y  t h a t  s u b s t i t u t i o n  i n  t h e  a r y l o x i d e  
i o n  n u c l e u s  o f  e l e c t r o n - a t t r a c t i n g  g r o u p s  d e c r e a s e s  t h e  r a t e  o f  
r e a c t i o n  w i t h  m e t h y l  i o d i d e ,  b u t  g r o u p s  h a v i n g  e l e c t r o n - d o n a t i n g  
p r o p e r t i e s  i n c r e a s e  i t .
P h e n y l t r i m e t h y l a r s o n i u m  t h i o p h e n o x i d e  r e a c t s  i n s t a n t a n e o u s l y  
w i t h  c o l d  m e t h y l  i o d i d e  t o  g i v e  p h e n y l t r i m e t h y l a r s o n i u m  i o d i d e  
a n d  t h i o a n i s o l e .  P h e n y l t r i m e t h y l a m m o n i u m  t h i o p h e n o x i d e  r e a c t s  
r e a d i l y  w i t h  c o l d  m e t h y l  i o d i d e  t o  g i v e  t h e  a n a l o g o u s  p r o d u c t s .
W e  h o p e  s h o r t l y  t o  r e p o r t  o n  t h e  a c t i o n  o f  h a l o g e n s ,  c h l o r o f o r m ,  
a n d  o t h e r  c o m p o u n d s  o n  t h e  n e w  p h e n o x i d e s .
E x p e r i m e n t a l .
Phenyltrimethylammonmm o-NitropJienoxide.— A  c o n c e n t r a t e d  
w a r m  a q u e o u s  s o l u t i o n  o f  p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e  (1 m o l . )  
w a s  t r e a t e d  w i t h  f r e s h l y  p r e c i p i t a t e d  s i l v e r  o x i d e  u n t i l  t h e  b l a c k  
o x i d e  w a s  c l e a r l y  v i s i b l e  o n  s h a k i n g ,  a n d  t h e  s o l u t i o n  g a v e  n o  t e s t  
f o r  i o d i d e .  T h e  l i q u i d  w a s  f i l t e r e d  a n d ,  a f t e r  b e i n g  t r e a t e d  w i t h  
1 m o l .  o f  o - n i t r o p h e n o l ,  w a s  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  i n  a  
b a t h  k e p t  a t  5 0 — 6 0 ° ,  a l c o h o l  b e i n g  a d d e d  f r o m  t i m e  t o  t i m e  t o  
a c c e l e r a t e  e v a p o r a t i o n .  W h e n  n o  f u r t h e r  d i m i n u t i o n  i n  v o l u m e  
o c c u r r e d ,  t h e  s y r u p y  r e d  p r o d u c t  w a s  d i s s o l v e d  i n  a  l i t t l e  a b s o l u t e  
a l c o h o l ,  a n d  a n h y d r o u s  e t h e r  w a s  a d d e d  u n t i l  c r y s t a l l i s a t i o n  s e t  i n ,  
w h e r e u p o n  e x c e s s  o f  e t h e r  w a s  a d d e d ,  a n d  t h e  p r e c i p i t a t e  w a s  
r a p i d l y  c o l l e c t e d  a n d  w a s h e d  w i t h  e t h e r .  A f t e r  b e i n g  d r i e d  i n  a  
v a c u u m  o v e r  s u l p h u r i c  a c i d ,  t h e  o-nitrophenoxide w a s  o b t a i n e d  a s  
s c a r l e t  p l a t e s ,  m .  p .  1 1 7 — 1 1 7 - 5 °  ( F o u n d  : N ,  1 0 - 0 .  
r e q u i r e s  N ,  1 0 - 2 % ) .  T h e  n i t r o p h e n o x i d e  i s  e x c e s s i v e l y  h y g r o s c o p i c ,  
b u t  c a n  b e  k e p t  f o r  a n  i n d e f i n i t e  p e r i o d  i n  a  d r y  a t m o s p h e r e .  I t  m a y  
a l s o  b e  p r e p a r e d  b y  t h e  i n t e r a c t i o n  o f  p h e n y l t r i m e t h y l a m m o n i u m  
i o d i d e  a n d  s i l v e r  o - n i t r o p h e n o x i d e  i n  b o i l i n g  a l c o h o l i c  s o l u t i o n .
T h e  n i t r o p h e n o x i d e  w a s  w a r m e d  f o r  5  m i n u t e s  w i t h  a  m e t h y l -  
a l c o h o l i c  s o l u t i o n  o f  m e t h y l  i o d i d e .  E t h e r  w a s  t h e n  a d d e d ,  a n d  t h e  
c r y s t a l h n e  p r e c i p i t a t e  w a s  i d e n t i f i e d  a s  p h e n y l t r i m e t h y l a m m o n i u m  
i o d i d e ,  m .  p .  2 2 5 ° .
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Thermal Decomposition of Phenyltrimethylammonium o-Nitro- 
phenoxide.— T h e  p h e n o x i d e  ( 7 - 5  g . )  w a s  h e a t e d  a t  1 8 0 °  i n  a  l a r g e  
b o i l i n g  t u b e  f i t t e d  w i t h  a  c a l c i u m  c h l o r i d e  t u b e .  A f t e r  a  f e w  
m i n u t e s ,  d i m e t h y l a n i l i n e  b e g a n  t o  f o r m ,  a n d  a f t e r  a n  h o u r  t h e  
d e c o m p o s i t i o n  w a s  c o m p l e t e .  T h e  p r o d u c t  w a s  d i s s o l v e d  i n  b e n z e n e  
a n d  t h e  s o l u t i o n  e x t r a c t e d  w i t h  2 0 %  h y d r o c h l o r i c  a c i d .  F r o m  t h e  
b e n z e n e  s o l u t i o n  w e r e  o b t a i n e d  3  5  g .  o f  o - n i t r o a n i s o l e ,  a n d  f r o m  t h e  
a c i d  l a y e r ,  b y  t r e a t m e n t  w i t h  a m m o n i u m  h y d r o x i d e ,  f o l l o w e d  b y  
e x t r a c t i o n  w i t h  b e n z e n e ,  t h e  d i m e t h y l a n i l i n e  w a s  i s o l a t e d .  I t  w a s  
c o n v e r t e d  i n t o  t h e  m e t h i o d i d e ,  o f  w h i c h  5  g .  w e r e  o b t a i n e d ,  m .  p .  
2 2 9 — 2 3 0 ° .
Phenyltrimethylammonium p-Nitrophenoxide.— T h e  p r e p a r a t i o n  o f  
t h i s  c o m p o u n d  w a s  c a r r i e d  o u t  s i m i l a r l y  t o  t h a t  o f  t h e  o - i s o m e r i d e .  
T h e  p h e n o x i d e  w a s  o b t a i n e d  c r y s t a l l i n e  b y  a d d i n g  a n h y d r o u s  e t h e r  
t o  t h e  c o n c e n t r a t e d  a l c o h o l i c  s o l u t i o n ,  a n d  f o r m e d  y e l l o w  p r i s m a t i c  
n e e d l e s ,  m .  p .  1 1 8 — 1 1 9 ° ,  w i t h  c o n s i d e r a b l e  p r e v i o u s  s o f t e n i n g .  I t  
i s  v e r y  h y g r o s c o p i c ,  b u t  m a y  b e  c r y s t a l l i s e d  ( y e l l o w  n e e d l e s )  f r o m  
n i t r o b e n z e n e  i f  i t  h a s  p r e v i o u s l y  b e e n  w e l l  d r i e d  ( F o u n d  : N ,  1 0  0 . 
C a l c .  : N ,  1 0 - 2 % ) .  D e c o m p o s i t i o n  a t  1 7 0 °  b y  t h e  p r o c e s s  u s e d  f o r  
t h e  o - i s o m e r i d e  g a v e  a l m o s t  t h e o r e t i c a l  y i e l d s  o f  d i m e t h y l a n i f i n e  
a n d  p - n i t r o a n i s o l e .
T h e  ^ - n i t r o p h e n o x i d e  r e a c t s  r a p i d l y  w i t h  p o t a s s i u m  i o d i d e  i n  
a l c o h o l i c  s o l u t i o n  t o  g i v e  p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e .  A  
s o l u t i o n  o f  2  g .  o f  t h e  - p h e n o x i d e  i n  4 0  c . c .  o f  w a t e r  w a s  b o i l e d  u n d e r  
r e f l u x  f o r  4  h o u r s .  N o  o d o u r  o f  d i m e t h y l a n i l i n e  w a s  p r o d u c e d ,  a n d  
t h e  s o l u t i o n  w a s  t h e n  e v a p o r a t e d  t o  d r y n e s s  o n  t h e  w a t e r - b a t h .  
T h e  r e s i d u e  b e c a m e  s o l i d ,  a f t e r  b e i n g  d r i e d  i n  a  v a c u u m  o v e r  p h o s ­
p h o r i c  o x i d e ,  a n d  t h e n  m e l t e d  a t  1 1 5 — 1 2 0 ° .  I t  p r o d u c e d  n o  
d e p r e s s i o n  o f  t h e  m .  p .  o f  t h e  o r i g i n a l  m a t e r i a l .
M e t h y l  i o d i d e  s l o w l y  c o n v e r t s  p h e n y l t r i m e t h y l a m m o n i u m  ; o - n i t r o -  
p h e n o x i d e  i n  b o i l i n g  a l c o h o l i c  s o l u t i o n  i n t o  t h e  q u a t e r n a r y  i o d i d e  
a n d  j o - n i t r o a n i s o l e .
Phenyltrimethylammonium m-Nitrophenoxide.— T h i s  s u b s t a n c e  
w a s  o b t a i n e d  a s  a  d e e p  r e d  o i l ,  w h i c h ,  e v e n  a f t e r  p r o l o n g e d  e x t r a c t i o n  
w i t h  a n h y d r o u s  e t h e r  a n d  v a c u u m  d e s i c c a t i o n  o v e r  p h o s p h o r i c  
o x i d e ,  r e f u s e d  t o  c r y s t a l l i s e .  B y  t h i s  p r o c e s s ,  h o w e v e r ,  a l l  i m p u r i t i e s  
a r e  e f f e c t i v e l y  r e m o v e d .
T h e r m a l  d e c o m p o s i t i o n  o f  t h e  p h e n o x i d e  b y  t h e  p r o c e s s  u s e d  
a b o v e  g a v e  a l m o s t  t h e o r e t i c a l  y i e l d s  o f  d i m e t h y l a n i f i n e  a n d  m - n i t r o -  
a n i s o l e  ( m .  p .  3 6 °  w h e n  c r u d e ) .
Phenyltrimethylammonium  2  : 4i-Dinitrophenoxide.— T h i s  s u b s t a n c e  
c r y s t a l l i s e d  f r o m  t h e  c o n c e n t r a t e d  a l c o h o l i c  s o l u t i o n  o b t a i n e d  a t  t h e  
e v a p o r a t i o n  s t a g e  o f  i t s  p r e p a r a t i o n  b y  t h e  u s u a l  p r o c e s s .  I t  
c r y s t a l l i s e d  f r o m  a b s o l u t e  a l c o h o l  i n  y e l l o w  p r i s m s ,  s o f t e n i n g  a t  9 0 °
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a n d  m e l t i n g  a t  1 2 1 — 1 2 3 °  ( F o u n d  : N ,  1 3 * 2 . r e q u i r e s
N ,  1 3 - 2 % ) .
T h e  p h e n o x i d e  w a s  h e a t e d  f o r  J  h o u r  a t  1 3 5 — 1 4 0 ° .  O n  c o o l i n g ,  
i t  w a s  f o u n d  t o  b e  u n c h a n g e d .  A t  t e m p e r a t u r e s  u p  t o  1 6 5 ° ,  t h e  
s a m e  r e s u l t  w a s  o b t a i n e d ,  e v e n  a f t e r  1 h o u r ’s  h e a t i n g .  A t  1 7 0 —  
1 7 5 ° ,  d e c o m p o s i t i o n  t o o k  p l a c e  i n  1 h o u r ,  a n d  a t  1 8 0 °  o r  h i g h e r  
t e m p e r a t u r e s ,  p r o f o u n d  d e c o m p o s i t i o n  s e t  i n  s u d d e n l y  w i t h  c h a r r i n g .
T h e  s u c c e s s f u l  d e c o m p o s i t i o n  a t  1 7 0 — 1 7 5 °  g a v e  a  m i x t u r e  w h i c h  
w a s  t r e a t e d  w i t h  2 0 %  h y d r o c h l o r i c  a c i d .  T h e  2  : 4 - d i n i t r o a n i s o l e  
o b t a i n e d  w a s  i d e n t i f i e d  b y  c o m p a r i s o n  w i t h  a n  a u t h e n t i c  s p e c i m e n  
a n d  b y  c o n v e r s i o n  i n t o  2  : 4 - d i n i t r o p h e n y l p i p e r i d i n e .  T h e  d i m e t h y l ­
a n i l i n e  p r o d u c e d  w a s  i d e n t i f i e d  b y  i t s  b .  p .  a n d  b y  c o n v e r s i o n  i n t o  
t h e  m e t h i o d i d e .
A  m e t h y l - a l c o h o l i c  s o l u t i o n  o f  t h e  2  : 4 - d i n i t r o p h e n o x i d e  a n d  
m e t h y l  i o d i d e  w a s  k e p t  a t  5 0 — 6 0 °  f o r  a n  h o u r  : t h e  p h e n o x i d e  w a s  
r e c o v e r e d  u n c h a n g e d .  A f t e r  3  h o u r s ’ b o i h n g ,  h o w e v e r ,  t h e o r e t i c a l  
y i e l d s  w e r e  o b t a i n e d  o f  p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e ,  m .  p .  
2 2 5 ° ,  a n d  o f  2  : 4 - d i n i t r o a n i s o l e ,  w h i c h  w a s  i d e n t i f i e d  b y  c o n v e r s i o n  
i n t o  2  : 4 - d i n i t r o p h e n y l p i p e r i d i n e .
Phenyltrimethylammonium Phenoxide.— A n  a q u e o u s  s o l u t i o n  o f
1 m o l .  o f  p h e n y l t r i m e t h y l a m m o n i u m  h y d r o x i d e  w a s  c o n c e n t r a t e d  
u n d e r  r e d u c e d  p r e s s u r e  a t  a b o u t  5 0 ° ,  w i t h  o c c a s i o n a l  a d d i t i o n  o f  
a b s o l u t e  a l c o h o l .  A n  a l c o h o l i c  s o l u t i o n  o f  p h e n o l  (1  m o l . )  w a s  t h e n  
a d d e d ,  a n d  t h e  e v a p o r a t i o n  c o n t i n u e d .  W h e n  n o  m o r e  a l c o h o l  c a m e  
o f f ,  t h e  s y r u p  w a s  d i s s o l v e d  i n  a l c o h o l  a n d  e x c e s s  o f  a n h y d r o u s  e t h e r  
w a s  a d d e d .  T h e  phenoxide, w h i c h  s e p a r a t e d  i n  p e a r l y  p l a t e s ,  w a s  
d r i e d  i n  a  v a c u u m  o v e r  s u l p h u r i c  a c i d  a n d  p h o s p h o r i c  o x i d e ,  a n d  
t h e n  m e l t e d  a t  5 8 — 5 9 ° .  A f t e r  b e i n g  c r y s t a l l i s e d  f r o m  n i t r o b e n z e n e ,  
w i t h  s u b s e q u e n t  w a s h i n g  w i t h  f i g h t  p e t r o l e u m  ( b .  p .  6 0 — 8 0 ° ) ,  i t  
m e l t e d  a t  7 5 — 7 6 °  ( F o u n d  : N ,  6 0 .  C 25H 19O N  r e q u i r e s  N ,  6 * 1 % ) .  
T h e  s u b s t a n c e  a l s o  c r y s t a l l i s e d  f r o m  a c e t o n e - l i g h t  p e t r o l e u m  i n  
w h i t e  p l a t e s .
A  s o l u t i o n  o f  2  g .  o f  t h e  p h e n o x i d e  i n  2 0  c . c .  o f  w a t e r  w a s  b o i l e d  f o r
2  h o u r s  u n d e r  r e f i u x .  T h e  m i x t u r e  w a s  t h e n  f r e e d  b y  r o u t i n e  
m e t h o d s  f r o m  b a s i c  a n d  a c i d i c  s u b s t a n c e s .  A n  e t h e r e a l  s o l u t i o n  
o b t a i n e d ,  w h i c h  m u s t  h a v e  c o n t a i n e d  a n y  a n i s o l e ,  w a s  e v a p o r a t e d ,  
a n d  l e f t  n o  a p p r e c i a b l e  r e s i d u e ,  a l t h o u g h  t h e  o d o u r  o f  a n i s o l e  w a s  
d e t e c t e d .  T h e  a m o u n t  o f  a n i s o l e  p r o d u c e d  w a s  l e s s  t h a n  01  g .  
D i m e t h y l a n i f i n e ,  p h e n o l  a n d  m e t h y l  a l c o h o l  w e r e  f o u n d  i n  t h e  
e x p e c t e d  e x t r a c t s .
T h e  p h e n o x i d e  r e a c t e d  w i t h  c o l d  m e t h y l  i o d i d e ,  a n d  w h e n  h e a t e d  
f o r  a  f e w  m i n u t e s  w i t h  a l c o h o l i c  m e t h y l  i o d i d e ,  w a s  q u a n t i t a t i v e l y  
c o n v e r t e d  i n t o  p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e .
T h e  d e c o m p o s i t i o n  o f  t h e  p h e n o x i d e  w a s  c a r r i e d  o u t  a s  f o l l o w s  :
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1 7 - 5  g .  w e r e  p l a c e d  i n  a  C l a i s e n  d i s t i l l i n g  f l a s k ,  w h i c h  w a s  e v a c u a t e d ,  
a n d  g r a d u a l l y  h e a t e d  a t  1 2 0 °  d u r i n g  1 0  m i n u t e s .  D i s t i l l a t i o n  w a s  
t h e n  c o m p l e t e ,  a n d  n o  a p p r e c i a b l e  r e s i d u e  w a s  l e f t  a f t e r  t h e  f l a s k  
h a d  b e e n  w a r m e d  w i t h  a  f l a m e .  T h e  d i s t i l l a t e  ( 1 7  g . )  w a s  d i s s o l v e d  
i n  e t h e r ,  a n d  e x t r a c t e d  w i t h  2 0 %  h y d r o c h l o r i c  a c i d .  T h e  a c i d  
s o l u t i o n  w a s  e x t r a c t e d  w i t h  e t h e r ,  a n d  t h e  e t h e r e a l  s o l u t i o n  w i t h  
d i l u t e  h y d r o c h l o r i c  a c i d .  F r o m  t h e  e t h e r e a l  e x t r a c t s  w e r e  o b t a i n e d ,  
a f t e r  d i s t i l l a t i o n ,  8 g .  o f  p u r e  a n i s o l e  ; a n d  f r o m  t h e  a c i d  s o l u t i o n s ,  
a f t e r  t r e a t m e n t  w i t h  a m m o n i u m  h y d r o x i d e ,  e x t r a c t i o n  a n d  d i s t i l l ­
a t i o n ,  8 g .  o f  p u r e  d i m e t h y l a n i l i n e .  T h e  c a l c u l a t e d  r a t i o  o f  a n i s o l e  
t o  b a s e  i s  1 0 7  : 1 2 1 .
Phenyltrimethylammonium m A -X ylyloxide.— E v a p o r a t i o n  o f  t h e  
s o l u t i o n  o b t a i n e d  i n  t h e  u s u a l  m a n n e r  g a v e  a  c o l o u r l e s s  s y r u p ,  
w h i c h  w a s  w a s h e d  w i t h  a b s o l u t e  e t h e r  a n d  k e p t  i n  a  v a c u u m  o v e r  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  a n d  p h o s p h o r i c  o x i d e .  I t  d e c o m p o s e d ,  
i n  a  b a t h  k e p t  a t  1 1 0 ° ,  w i t h o u t  l e a v i n g  a  w e i g h a b l e  r e s i d u e .  F r o m  
21 g .  o f  s y r u p y  x y l y l o x i d e ,  20 g .  o f  d i s t i l l a t e  w e r e  o b t a i n e d ,  a n d  t h i s  
y i e l d e d  10 g .  o f  p u r e  m - x y l y l  m e t h y l  e t h e r ,  b .  p .  1 8 0 — 1 9 0 ° ,  a n d  9  g,^ 
o f  p u r e  d i m e t h y l a n i l i n e .  T h e  c a l c u l a t e d  r a t i o  o f  e t h e r  t o  b a s e  i s  
1 3 6  : 1 2 1 .
T h e  x y l y l o x i d e  r e a c t e d  v i g o r o u s l y  w i t h  c o l d  m e t h y l  i o d i d e  t o  g i v e  
p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e  a n d  x y l y l  m e t h y l  e t h e r .
Phenyltrimethylammonium cc-Naphthoxide.— T h i s  s u b s t a n c e ,  w h i c h  
w a s  o b t a i n e d  i n  t h e  u s u a l  m a n n e r ,  c r y s t a l l i s e d  w h e n  i t s  c o n c e n t r a t e d  
a l c o h o l i c  s o l u t i o n  w a s  c o o l e d  a n d  l e f t  i n  a  v a c u u m  o v e r  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  a n d  p h o s p h o r i c  o x i d e .  I t  w a s  r e c r y s t a l l i s e d  f r o m  
n i t r o b e n z e n e  o r  f r o m  a c e t o n e ,  f r o m  w h i c h  i t  s e p a r a t e d  i n  w h i t e  
n e e d l e s  a n d  p l a t e s ,  m .  p .  1 0 7 — 1 0 8 °  ( F o u n d  : N ,  4 * 8 .  
r e q u i r e s  N ,  5 * 0 % ) .  W h e n  t h e  a l c o h o l i c  s o l u t i o n  w a s  a l l o w e d  t o  
c o n c e n t r a t e  s l o w l y  o v e r  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  l a r g e  s q u a r e  
f l a t  p l a t e s  w e r e  o b t a i n e d .
T h e  n a p h t h o x i d e  r e a c t e d  w i t h  c o l d  m e t h y l  i o d i d e ,  a n d  o n  a d d i t i o n  
o f  a l c o h o l  a n d  w a r m i n g ,  t h e  r e a c t i o n  b e c a m e  q u a n t i t a t i v e .  P h e n y l ­
t r i m e t h y l a m m o n i u m  i o d i d e  a n d  a - n a p h t h y l  m e t h y l  e t h e r  w e r e  
i d e n t i f i e d  a s  t h e  s o l e  p r o d u c t s .  D e c o m p o s i t i o n  o f  t h e  n a p h t h o x i d e  
( 1 4  g . )  o c c u r r e d  a t  1 4 0 — 1 5 0 ° ,  a n d  g a v e  1 3  g .  o f  t o t a l  d i s t i l l a t e .  
T h i s ,  a f t e r  t h e  u s u a l  s e p a r a t i o n  p r o c e s s ,  y i e l d e d  5  g .  o f  d i m e t h y l ­
a n i l i n e  a n d  6 g .  o f  a - n a p h t h y l  m e t h y l  e t h e r ,  w h e r e a s  t h e  c a l c u l a t e d  
r a t i o  o f  b a s e  t o  e t h e r  i s  1 2 1  : 1 5 8 .
Phenyldimethylethylammonium  2 : 4,-Dinitrophenoxide.— T h i s  s u b ­
s t a n c e  w a s  p r e p a r e d  a s  u s u a l ,  a n d  c r y s t a l l i s e d  f r o m  a l c o h o l - e t h e r  
i n  s m a l l  m u s t a r d - c o l o u r e d  n e e d l e s ,  m .  p .  5 5 — 5 7 °  ( F o u n d  : N ,  1 2  6 .  
C ^ ie H ig O s N g  r e q u i r e s  N ,  12*6% ) .
T h i s  p h e n o x i d e  i s  n o t  p a r t i c u l a r l y  h y g r o s c o p i c .  I t  d i d  n o t  r e a c t .
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w i t h  m e t h y l  i o d i d e  i n  b o i l i n g  a l c o h o l i c  s o l u t i o n  a f t e r  5  m i n u t e s .  
D e c o m p o s i t i o n  o f  5  g .  o f  t h e  p h e n o x i d e  o c c u r r e d  a t  1 7 0 ° ,  a n d  w a s  
c o m p l e t e  i n  o n e  h o u r .  F r o m  t h e  p r o d u c t s  w e r e  o b t a i n e d  2 * 5  g .  o f  
a c i d - i n s o l u b l e  m a t e r i a l ,  m .  p .  3 9 — 5 0 ° ,  a n d  2 g .  o f  a  m i x t u r e  o f  b a s e s ,  
b . p .  1 9 0 — 2 0 0 ° .  T h e  a c i d - i n s o l u b l e  m a t e r i a l  w a s  h e a t e d  w i t h  t w i c e  
i t s  w e i g h t  o f  p i p e r i d i n e ,  e x c e s s  o f  20%  h y d r o c h l o r i c  a c i d  w a s  a d d e d ,  
a n d  t h e  p r e c i p i t a t e d  s o l i d  w a s  c o l l e c t e d  ( 3  g . ) .  I t  m e l t e d  a t  9 1 — 9 4 °  
a n d  w a s  a l m o s t  p u r e  2  : 4 - d i n i t r o p h e n y l p i p e r i d i n e .  T h e  f i l t r a t e  
c o n t a i n e d  b o t h  m e t h y l  a n d  e t h y l  a l c o h o l .  T h e  m i x t u r e  o f  b a s e s  
w a s  s u b m i t t e d  t o  m i c r o - d i s t i l l a t i o n  ; t h e  l o w e r - b o i l i n g  f r a c t i o n  w a s  
c o n v e r t e d  i n t o  t h e  c h l o r o p l a t i n a t e  ( F o u n d  : F t ,  2 9 * 6 .  C a lc ,  f o r  t h e  
c h l o r o p l a t i n a t e  o f  d i m e t h y l a n i l i n e  : F t ,  2 9 - 9 % ) .  T h e  h i g h e r -
b o i l i n g  f r a c t i o n  w a s  c o n v e r t e d  i n t o  t h e  m e t h i o d i d e ,  w h i c h  m e l t e d  
a t  1 3 3 — 1 3 6 ° ,  a n d  a t  1 3 2 — 1 3 4 °  w h e n  m i x e d  w i t h  p h e n y l d i m e t h y l ­
e t h y l a m m o n i u m  i o d i d e  ( m .  p .  1 3 2 — 1 3 3 ° ) ,  b u t  a t  b e l o w  1 1 5 °  w h e n  
m i x e d  w i t h  p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e .  D i m e t h y l -  a n d  
m e t h y l e t h y l - a n i l i n e  w e r e  t h e r e f o r e  b o t h  f o r m e d  i n  t h e  a b o v e  d e c o m ­
p o s i t i o n ,  t o g e t h e r  w i t h  d i n i t r o a n i s o l e  a n d  d i n i t r o p h e n e t o l e .
Phenylhenzyldimetliylammonmm  o  - Nitrophenoxide.— T h i s  s u b ­
s t a n c e  c r y s t a l l i s e d  i n  v e r m i l i o n  n e e d l e s  w h e n  d r y  e t h e r  w a s  a d d e d  t o  
t h e  c o n c e n t r a t e d  a l c o h o l i c  s o l u t i o n ,  a n d  h a d  m .  p .  9 1 — 9 2 °  ( F o u n d  : 
N ,  8 * 0 5 .  C ^ g H g g O g N g  r e q u i r e s  N ,  8 * 0 % ) .
D e c o m p o s i t i o n  o f  12 g .  o f  t h e  p h e n o x i d e  o c c u r r e d  a t  1 5 5 — 1 6 5 ° ,  a n d  
g a v e  a  m i x t u r e  o f  p r o d u c t s ,  b .  p .  9 2 — 2 2 0 ° / 2 8  m m . ,  c o n s i s t i n g  o f  
4  g .  o f  d i m e t h y l a n i l i n e  a n d  7  5  g .  o f  b e n z y l  o - n i t r o p h e n y l  e t h e r .  
T h e  c a l c u l a t e d  r a t i o  o f  b a s e  t o  e t h e r  i s  121 : 2 2 9 .
Phenylhenzyldimethylammonium  2  : ^-dinitrophenoxide c r y s t a l l i s e d  
f r o m  a l c o h o l - e t h e r  i n  f e r n - l i k e  a g g r e g a t e s  o f  m u s t a r d - c o l o u r e d  
n e e d l e s ,  m .  p .  1 3 8 — 1 3 8 * 5 °  ( F o u n d  : N ,  1 0 * 5 . C g i H g i O j N g  r e q u i r e s  
N ,  1 0 * 6 % ) .  I t  i s  n o t  h y g r o s c o p i c .
F h e n y l b e n z y l d i m e t h y l a m m o n i u m  m - 4 - x y l y l o x i d e  w a s  n o t  o b t a i n e d  
c r y s t a l l i n e ,  b u t  w a s  f r e e d  f r o m  i m p u r i t i e s  b y  e x t r a c t i o n  w i t h  a b s o l u t e  
a l c o h o l  a n d  a n h y d r o u s  e t h e r .  A f t e r  b e i n g  l e f t  i n  a  v a c u u m  o v e r  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  a n d  p h o s p h o r i c  o x i d e ,  i t  w a s  d e c o m p o s e d .  
D e c o m p o s i t i o n  w a s  n o t  m a r k e d  b e l o w  1 4 5 — 1 5 0 ° ,  a n d  w a s  e f f e c t e d  
a t  1 7 5 — 1 8 5 ° .  T h e  p o r t i o n  o f  t h e  p r o d u c t  w h i c h  w a s  s o l u b l e  i n  a c i d  
w a s  p u r e  d i m e t h y l a n i l i n e .  N o  b e n z y l m e t h y l a n i l i n e  w a s  p r e s e n t .  
T h e  a c i d - i n s o l u b l e  p r o d u c t  w a s  b e n z y l  x y l y l  e t h e r .
Phenyltrimethylammonium Thiophenoxide.— W h e n  t h e  a q u e o u s -  
a l c o h o l i c  s o l u t i o n  o f  t h e  q u a t e r n a r y  h y d r o x i d e  a n d  t h i o p h e n o l  w a s  
c o n c e n t r a t e d ,  t h e  thiophenoxide c r y s t a l l i s e d .  I t  w a s  r e c r y s t a l l i s e d  
b y  a d d i t i o n  o f  e t h e r  t o  a n  a l c o h o l i c  s o l u t i o n ,  a n d  f o r m e d  w h i t e  
p l a t e s ,  m .  p .  8 3 — 8 3 * 5 °  ( F o u n d  : N ,  5 * 7 . C ^ ^ H ^ g N S  r e q u i r e s  N ,  
5 *7% ) .  I t  i s  n o t  h y g r o s c o p i c .  E t h y l  i o d i d e  r e a c t e d  v i g o r o u s l y
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w i t h  i t  i n  t h e  c o l d ,  p h e n y l t r i m e t h y l a m m o n i u m  i o d i d e ,  m .  p .  2 2 7 —  
2 2 8 ° ,  b e i n g  f o r m e d .
D e c o m p o s i t i o n  o f  t h e  t h i o p h e n o x i d e  ( 2 0  g . )  t o o k  p l a c e  a t  1 2 5 ° .  
W i t h i n  5  m i n u t e s ,  1 8  g .  o f  l i q u i d  d i s t i l l e d  a t  8 0 — 8 5 ° / 1 4  m m .  T h i s ,  
a f t e r  s e p a r a t i o n ,  g a v e  8 - 5  g .  o f  t h i o a n i s o l e  a n d  8 g .  o f  d i m e t h y l ­
a n i l i n e ,  w h e r e a s  t h e s e  t w o  s h o u l d  h a v e  b e e n  f o r m e d  i n  t h e  p r o p o r t i o n  
o f  1 2 4  : 1 2 1 .
Phenyltrimethylarsonium Thiophenoxide.— W e  f i r s t  a t t e m p t e d  t o  
p r e p a r e  t h i s  s u b s t a n c e  b y  h e a t i n g  s i l v e r  t h i o p h e n o x i d e  w i t h  a n  
a l c o h o l i c  s o l u t i o n  o f  p h e n y l t r i m e t h y l a r s o n i u m  i o d i d e ,  b u t  a f t e r  
s e v e r a l  h o u r s ’ b o i l i n g ,  t h e  l a t t e r  w a s  r e c o v e r e d  a l m o s t  u n c h a n g e d .  
B y  e v a p o r a t i o n  o f  t h e  q u a t e r n a r y  h y d r o x i d e  w i t h  t h i o p h e n o l ,  t h e  
thiophenoxide w a s  r e a d i l y  o b t a i n e d  ; i t  c r y s t a l l i s e d  f r o m  a l c o h o l  o n  
a d d i t i o n  o f  e t h e r  i n  w h i t e  l e a f i e t s ,  m .  p .  1 4 4 — 1 4 5 ° ,  a n d  w a s  s o l u b l e  
i n  w a t e r  o r  a l c o h o l ,  b u t  i n s o l u b l e  i n  e t h e r  ( F o u n d  : S ,  1 0 - 5 .
C i j H j g S A s  r e q u i r e s  S ,  1 0 - 5 % ) .
A l t h o u g h  t h e  p h e n y l d i m e t h y l a r s i n e  r e q u i r e d  f o r  t h e  p r e p a r a t i o n  
o f  p h e n y l t r i m e t h y l a r s o n i u m  i o d i d e  i s  v e r y  r e a d i l y  o b t a i n e d  f r o m  
d i m e t h y l i o d o a r s i n e  ( B u r r o w s  a n d  T u r n e r ,  J . ,  1 9 2 0 ,  1 1 7 ,  1 3 7 8 ) ,  w e  
d e s i r e d  t o  p r e p a r e  i t  f r o m  p h e n y l d i c h l o r o a r s i n e .  W i n m i l l  ( J . ,  1 9 1 2 ,  
1 0 1 ,  7 2 3 )  t r e a t e d  t h i s  s u b s t a n c e  w i t h  m a g n e s i u m  m e t h y l  i o d i d e  i n  a  
m i x t u r e  o f  e t h e r  a n d  l i g h t  p e t r o l e u m  ( b .  p .  3 0 — 4 0 ° )  a n d  o b t a i n e d  a  
7 5 %  y i e l d .  W e  f i n d  t h a t  h i g h e r - b o i l i n g  p e t r o l e u m  ( b .  p .  6 0 — 8 0 ° )  
c a n  b e  u s e d ,  a n d  t h a t  i f  4  m o l e c u l a r  p r o p o r t i o n s  o f  G r i g n a r d  r e a g e n t  
a r e  t a k e n ,  t h e  y i e l d  o f  p u r e  p h e n y l d i m e t h y l a r s i n e  i s  o v e r  9 0 % ,  e v e n  
i n  s m a l l  p r e p a r a t i o n s .  S t a r t i n g  w i t h  2 2  g .  o f  p h e n y l d i c h l o r o a r s i n e ,  
i t  i s  t h u s  p o s s i b l e  t o  o b t a i n  2 7 — 2 8  g .  o f  t h e  q u a t e r n a r y  a r s o n i u m  
i o d i d e .
T h e  t h i o p h e n o x i d e  ( 1 5  g . )  b e g a n  t o  d e c o m p o s e  a t  1 6 0 ° ,  a n d ,  a p a r t  
f r o m  a  l i t t l e  s u b l i m a t i o n ,  w a s  c o m p l e t e l y  c o n v e r t e d  i n  10 m i n u t e s  
i n t o  a  m ix t u r e ^  b .  p .  7 1 — 7 2 ° / l l  m m . ,  o f  p h e n y l d i m e t h y l a r s i n e  a n d  
t h i o a n i s o l e  (1 4 * 5  g . ) .  5  G .  o f  t h i s  w e r e  d i s s o l v e d  i n  a b s o l u t e  a l c o h o l ,  
m e t h y l  i o d i d e  w a s  a d d e d ,  a n d  t h e  m i x t u r e  w a s  l e f t  f o r  3 h o u r s .  
A b s o l u t e  e t h e r  w a s  a d d e d ,  a n d  t h e  p r e c i p i t a t e d  p h e n y l t r i m e t h y l ­
a r s o n i u m  i o d i d e  w a s  d r i e d  a t  100°  (6 g . ,  c o r r e s p o n d i n g  t o  2*8 g .  o f  
p h e n y l d i m e t h y l a r s i n e ) .
O u r  t h a n k s  a r e  d u e  t o  t h e  R o y a l  S o c i e t y  f o r  a  g r a n t  i n  a i d  o f  t h i s  
i n v e s t i g a t i o n ,  a n d  t o  t h e  D e p a r t m e n t  o f  S c i e n t i f i c  a n d  I n d u s t r i a l  
R e s e a r c h  f o r  a  m a i n t e n a n c e  g r a n t  t o  o n e  o f  u s .
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CXIV.— The Scission of D iaryl Ethers and Related 
Compounds hy Means of Piperidine. Part I II .  
The Nitration of 2 : 4:-Dibromo-2' : ü-dinitrodi- 
phenyl Ether and of 2 : 4:-Dibromophenyl p -  
Toluenesulphonate and Benzoate. The Chlorination 
and Bromination of m-Nitrophenol.
B y  R osalind Venetxa H enley and E ustace Ebenezee
Tueneb.
I n  c o n t i n u a t i o n  o f  p r e v i o u s  w o r k  ( P a r t  I I ,  J . ,  1 9 2 9 ,  5 1 2 ) ,  t h e  
n i t r a t i o n  o f  2 : 4:-dibromophenyl ■p-toluenesulphonate h a s  b e e n  i n ­
v e s t i g a t e d .  T h e  s o l d '  p r o d u c t  o f  d i n i t r a t i o n  w a s  2  : i-dibromo-
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p r e s e n c e  o f  s o d i u m  a c e t a t e  g a v e  i n d e f i n i t e  r e s u l t s ,  b u t  i n  a b s e n c e ^  
o f  s o d i u m  a c e t a t e  t h e  p r o d u c t  w a s  a  m o n o b r o m o - c o m p o u n d ,  m .  p .  . 
1 1 8 * 5 — 1 2 1 ° .  T h i s  w e  a t  f i r s t  t h o u g h t  t o  b e  2 - b r o m o - 3 - n i t r o p h e n o l ,  
a n d  i n  o r d e r  t o  p r o v e  i t s  c o n s t i t u t i o n ,  w e  c o n v e r t e d  i t  i n t o  t h o  
'p-tolmneaulphonyl d e r i v a t i v e ,  r e d u c e d  t h e  l a t t e r ,  a n d  r e p l a c e d  t h e  
a m i n o - g r o u p  b y  b r o m i n e .  D u r i n g  t h e  l a s t  s t a g e ,  t h e  p - t o l u e n e - .  
s u l p h o n y l  g r o u p  w a s  r e m o v e d  b y  h y d r o l y s i s  a n d  a  d i b r o m o p h e n o l ,  
m .  p .  7 3 — 7 4 ° ,  w a s  f o r m e d .  A t  t h e  s a m e  t i m e  w e  p e r f o r m e d  a n  
a n a l o g o u s  s y n t h e s i s ,  s t a r t i n g  f r o m  3 - b r o m o - 2 - n i t r o p h e n o l .  T h e  
d i b r o m o p h e n o l  o b t a i n e d  i n  t h e  s e c o n d  s y n t h e s i s  m e l t e d  a t  6 8 — 6 9 ° ,  
w a s  d i f f e r e n t  f r o m  t h e  f i r s t ,  a n d  w a s  c l e a r l y  t h e  h i t h e r t o  u n k n o w n  
2 ; Z-dibromojphenoL I t  t h e r e f o r e  s e e m e d  c e r t a i n  t h a t  t h e  i s o m e r i c  
c o m p o u n d  w a s  2  : 5-dihromophenoh R a i f o r d  a n d  B r e n  ( J .  Amer. 
Chem. Soc., 1 9 2 9 ,  5 1 ,  2 5 3 9 )  r e c e n t l y  a t t e m p t e d  t h e  p r e p a r a t i o n  o f  
t h i s  s u b s t a n c e  f r o m  2  : 5 - d i b r o m o a n i l i n e .  I t  h a s  n o w  b e e n  o b t a i n e d  
i n  e x c e l l e n t  y i e l d  b y  a p p l y i n g  t h e  m e t h o d  o f  N o e l t i n g  a n d  K o p p  
(Ber., 1 9 0 5 ,  3 8 ,  3 5 0 6 )  t o  t h i s  b a s e ,  a n d  w a s  f o u n d  t o  b e  i d e n t i c a l  
w i t h  t h e  p r o d u c t  f r o m  t h e  b r o m o - 3- n i t r o p h e n o l ,  w h i c h  i s  t h e r e f o r e  
t h e  6- d e r i v a t i v e  ( 2 - b r o m o - 5 - n i t r o p h e n o l )  a l r e a d y  d e s c r i b e d  b y  
H e l l e r  a n d  K a m m a n n  (loc. cit.), w h o  o b t a i n e d  i t  f r o m  5 - n i t r o -
2 - a m i n o p h e n o l .
A l t h o u g h  i t  h a s  a l r e a d y  b e e n  s h o w n  ( P a r t  I I )  t h a t  7W - n i t r o p h e n o l  
i s  r e a d i l y  c o n v e r t e d  i n t o  2 : 4 - d i c h l o r o - 3 - n i t r o p h e n o l ,  t h e  a b o v e  
r e s u l t s  m a d e  i t  d e s i r a b l e  t o  i n v e s t i g a t e  t h e  m o n o c h l o r i n a t i o n *  
S c h l i e p e r  (Ber., 1 8 9 3 ,  26, 2 4 6 6 ) ,  b y  d i r e c t  c h l o r i n a t i o n  o f  m - n i t r o -  
p h e n o l ,  o b t a i n e d  a  c o m p o u n d ,  m .  p .  120° ,  w h i c h ,  a s  i s  s h o w n  a b o v e ,  
m a y  b e  e i t h e r  t h e  2 -  o r  t h e  4 - c h l o r o - c o m p o u n d .  M e l d o l a  a n d  
E y r e  ( J . ,  1 9 0 2 ,  8 1 ,  9 9 6 )  a g r e e d  w i t h  S c h l i e p e r ’s  c o n c l u s i o n  t h a t  
t h i s  w a s  t h e  2 - c h l o r o - c o m p o u n d  ; t h e y  o b t a i n e d  4- c h l o r o - 3- n i t r o -  
p h e n o l ,  m .  p .  1 2 6 — 1 2 7 ° ,  b y  s y n t h e s i s  f r o m  3- n i t r o - p - a m i n o p h e n o l .
W e  f i n d  t h a t  m o n o c h l o r i n a t i o n  o f  m - n i t r o p h e n o l  a t  1 2 0 — 1 4 0 °  
g i v e s  a p p r o x i m a t e l y  e q u a l  a m o u n t s  o f  4 - c h l o r o - 3 - n i t r o p h e n o l  ( A ) ,  
m .  p .  1 2 7 — 1 2 8 ° ,  a n d  2 - c h l o r o - 3 - n i t r o p h e n o l  ( B ) ,  m .  p .  1 2 0 ° .  A  
w a s  i d e n t i c a l  w i t h  a  s p e c i m e n  p r e p a r e d  f r o m  0  A  - d i a c e t y l - 3  - n i t r o  -  
p - a m i n o p h e n o l ,  a n d  t h e  c o n s t i t u t i o n  o f  B  f o l l o w s  f r o m  t w o  f a c t s  :
( 1) d i c h l o r i n a t i o n  o f  m - n i t r o p h e n o l  u n d e r  s i m i l a r  c o n d i t i o n s  g i v e »  
t h e  2 : 4 - d i c h l o r o - c o m p o u n d  i n  g o o d  y i e l d ,  a n d  (2 ) r e d u c t i o n  o f  
B ,  f o l l o w e d  b y  r e p l a c e m e n t  o f  t h e  a m i n o - g r o u p  b y  c h l o r i n e ,  g i v e s -  
2  : 3 - d i c h l o r o p h e n o l .  A l t h o u g h  t h e  f i r s t  o f  t h e s e  a p p e a r s  t o  b e  
s u f f i c i e n t  p r o o f ,  i t  w a s  d e s i r e d  t o  p r o v e  b e y o n d  d o u b t  t h a t  B  w a s  
n o t  6 - c h l o r o - 3 - n i t r o p h e n o l  ( m .  p .  1 1 8 — 1 1 9 °  ; p r e p a r e d  s y n t h e t i c a l l y  
b y  M e l d o l a ,  W o o l c o t t ,  a n d  W r a y ,  J . ,  1 8 9 6 ,  6 9 ,  1 3 2 2 ) .
I t  i s  t h e r e f o r e  p o s s i b l e  t h a t ,  i n  t h i s  c a s e ,  S c h l i e p e r  a c t u a l l y  h a d  a
2 - c h l o r o - c o m p o u n d ,  b u t  i t  i s  d i f f i c u l t  t o  b e h e v e  t h i s ,  s i n c e  t h e
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4 - c l i l o r o - c o m p o u n d ,  w h i c h  w a s  p r e s u m a b l y  p r e s e n t ,  i s  s o  r e a d i l y  
i s o l a t e d .
W e  h a v e  n o t  i n v e s t i g a t e d  t h e  i o d i n a t i o n  o f  m - n i t r o p h e n o l ,  a s  
t h e  s t a t e m e n t s  i n  t h e  l i t e r a t u r e  s e e m  t o  b e  a c c u r a t e .  S c h l i e p e r  
( 1 8 9 3 ,  loc. cit.) d e s c r i b e d  t h e  m o n o i o d o - c o m p o u n d  a s  t h e  2 - i o d o -  
d e r i v a t i v e ,  m .  p .  1 3 4 ° ,  a n d  D a t t a  a n d  P r o s a d  (J. Amer. Chem. Sac., 
1 9 1 7 ,  3 9 ,  4 4 1 )  s t a t e  t h a t  i o d i n a t i o n  i n  t h e  2 - p o s i t i o n  p r o c e e d s  
q u a n t i t a t i v e l y .  T h e r e  s e e m s  l i t t l e  d o u b t  t h a t  t h i s  s u b s t a n c e  i s  
d i f f e r e n t  f r o m  t h e  4 -  a n d  t h e  6- i o d o - d e r i v a t i v e ,  m .  p .  1 5 6 °  a n d  1 4 6 —  
1 4 7 °  r e s p e c t i v e l y  ( H a h l e ,  J . pr. Chem., 1 8 9 1 ,  4 3 ,  7 2  ; M e l d o l a  a n d  
E y r e ,  P . ,  1 9 0 1 ,  2 3 8 ) .
I n  e n d e a v o u r i n g  t o  p r e p a r e  4 - b r o m o - 3 - n i t r o p h e n o l  b y  a  d i f f e r e n t  
m e t h o d ,  w e  n i t r a t e d  lA-p-hromophenylphthalimide i n  p r e s e n c e  o f  
e x c e s s  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  e x p e c t i n g  t o  o b t a i n  a  c o n ­
s i d e r a b l e  p r o p o r t i o n  o f  t h e  m - n i t r o - d e r i v a t i v e  ( c o m p a r e  B r a d y ,  
Q u i c k ,  a n d  W e l h n g ,  J . ,  1 9 2 5 ,  127, 2 2 6 4 ) .  T h e  m a i n  p r o d u c t ,  
h o w e v e r ,  w a s  t h e  o - n i t r o - d e r i v a t i v e .  T h i s  r e s u l t  i s  i n t e r e s t i n g ,  
« i n c e  n i t r a t i o n  o f  ^ - b r o m o a n i l i n e  i n  p r e s e n c e  o f  e x c e s s  o f  s u l p h u r i c  
a c i d  g i v e s  a l m o s t  e n t i r e l y  t h e  m - n i t r o - c o m p o u n d  ( N o e l t i n g  a n d  
C o l l i n ,  Ber., 1 8 8 4 ,17, 2 6 1 )  ( s e e  E x p e r i m e n t a l ) .
T h e  n i t r a t i o n  o f  2 : 4 - d i b r o m o - 2 '  : 4 ' - d i n i t r o d i p h e n y l  e t h e r  p r o ­
c e e d s  s i m i l a r l y  t o  t h a t  o f  t h e  a n a l o g o u s  d i c h l o r o - c o m p o u n d  a n d  
g i v e s  2 : 4:-dibromo-6 : 2 ' : 4:'-trinitrodiphenyl ether. T h i s  e t h e r  
r e a d i l y  u n d e r g o e s  s c i s s i o n  b y  p i p e r i d i n e  i n t o  2  : 4 - d i b r o m o - 5 - n i t r o -  
p h e n o l  a n d  N - 2 '  : 4 ' - d i n i t r o p h e n y l p i p e r i d i n e .
E x p e r i m e n t a l .
2  : 4-Dibromophenyl p4oluenesulphonate, r e a d i l y  o b t a i n e d  b y  
t h e  u s u a l  t y p e  o f  p r o c e s s ,  c r y s t a l l i s e d  f r o m  g l a c i a l  a c e t i c  a c i d  i n  
• c o l o u r l e s s  p l a t e s ,  m .  p .  1 2 0 °  ( F o u n d  : B r ,  3 9 - 8 .  C ig H j o O g B r o S  
r e q u i r e s  B r ,  3 9 * 4 % ) .
Dinitration of 2  : 4-Dibromophenyl p-Toluenesulphonate.— T h e  
c o m p o u n d  w a s  a d d e d  t o  1 0  p a r t s  o f  n i t r i c  a c i d  (d  1 * 5 ) ,  t h e  r e s u l t i n g  
s o l u t i o n  b e i n g  l e f t  f o r  a n  h o u r  a n d  t h e n  p o u r e d  i n t o  a  l a r g e  b u l k  o f  
w a t e r .  F i l t r a t i o n ,  f o l l o w e d  b y  c r y s t a l h s a t i o n  f r o m  g l a c i a l  a c e t i c  
a c i d ,  g a v e  2 : 4-dibromo-5-nitrophenyl o-nitro-p-toluenesulphonate 
i n  p a l e  g r e e n i s h - y e l l o w  l e a f l e t s ,  m .  p .  1 2 2 — 1 2 3 °  ( F o u n d  : B r ,  3 2 * 6 .  
C ig H g O ^ N g B r g S  r e q u i r e s  B r ,  3 2 - 3 % ) .
2  : 4-Dibromo-6-nitrophenol.— T h e  l a s t - m e n t i o n e d  c o m p o u n d  w a s  
h e a t e d  f o r  1 h o u r  a t  1 0 0 °  w i t h  2 p a r t s  o f  p i p e r i d i n e .  N o  p i p e r i d i n e  
h y d r o b r o m i d e  s e p a r a t e d .  E x c e s s  o f  d i l u t e  a l k a l i  w a s  a d d e d ,  a n d  
t h e  s o l u t i o n  s h a k e n  w i t h  b e n z e n e ;  t h i s  e x t r a c t e d  t h e  1- o - n i t r o -  
p - t o l u e n e s u l p h o n y l p i p e r i d i n e ,  b u t ,  c o n t r a r y  t o  e x p e c t a t i o n ,  i t  a l s o  
e x t r a c t e d  t h e  p i p e r i d i n e  s a l t  o f  t h e  p h e n o l .  I t  w a s  t h e r e f o r e  s h a k e n
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w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  a n d  t h e n  w i t h  a l k a l i .  A c i d i f i c a t i o n  
o f  t h e  a l k a l i n e  s o l u t i o n  p r e c i p i t a t e d  2 : 4-dihromo-5-nitrop}ienol. 
T h i s  c r y s t a l l i s e d  f r o m  l i g h t  p e t r o l e u m  ( b .  p .  8 0 — 1 0 0 ° )  i n  l o n g  y e l l o w  
n e e d l e s ,  m .  p .  ( a f t e r  b e i n g  d r i e d  o v e r - n i g h t  i n  a  v a c u u m  o v e r  c o n ­
c e n t r a t e d  s u l p h u r i c  a c i d )  7 7 — 7 8 °  ( F o u n d  : B r ,  5 3 * 5 .  C g H g O g N B r g  
r e q u i r e s  B r ,  5 3 * 9 % ) ,  a n d  f r o m  v e r y  d i l u t e  a c e t o n e  a s  t h e  hydrate, 
C g H g O g N B r g j H g O , I n  l o n g  y e l l o w  n e e d l e s ,  m .  p .  9 2 — 9 4 °  ( w i t h  
p r e v i o u s  s o f t e n i n g ) ,  t h e  m .  p .  d e p e n d i n g  o n  t h e  r a t e  o f  h e a t i n g  
( 0 * 5 2 3 6  g .  l o s t  0 - 0 3 0 9  g .  i n  1 4  d a y s  i n  a  v a c u u m  o v e r  p h o s p h o r i c  
o x i d e .  L o s s  o f  I H g O  r e q u i r e s  0 * 0 2 9 9  g .  T h e  s p e c i a l l y  d r y  m a t e r i a l  
s o  o b t a i n e d  m e l t e d  a t  8 4 — 8 6 ° ) .
2 : 4-Dibrom o-6-am inophenyl o-Amino-p-toluenesulphormte .—  
T h e  c o r r e s p o n d i n g  d i n i t r o - c o m p o u n d  w a s  a d d e d  w i t h  s h a k i n g  t o  a  
h o t  s o l u t i o n  o f  s t a n n o u s  c h l o r i d e  (1 * 5  t i m e s  t h e  c a l c u l a t e d  q u a n t i t y )  
i n  a  m i x t u r e  o f  g l a c i a l  a c e t i c  a c i d  a n d  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d .  A f t e r  t h e  m i x t u r e  h a d  b e e n  h e a t e d  a t  1 0 0 °  f o r  a  f e w  m i n u t e s ,  
v i g o r o u s  r e d u c t i o n  s e t  i n ,  a n d  w a s  a l l o w e d  t o  b e c o m e  c o m p l e t e  
d u r i n g  a n  h o u r  a t  1 0 0 ° .  T h e  r e s u l t i n g  s o l u t i o n  w a s  p o u r e d  i n t o -  
e x c e s s  o f  20%  p o t a s s i u m  h y d r o x i d e  s o l u t i o n ,  a n d  t h e  s u s p e n s i o n  
w a s  c o o l e d  a n d  f i l t e r e d  ( a s b e s t o s ) .  T h e  w a s h e d  a n d  d r i e d  p r e c i p i t a t e  
c r y s t a l l i s e d  f r o m  d i l u t e  a c e t o n e  i n  c o l o u r l e s s  l e a f l e t s ,  m .  p .  1 7 4 —  
1 7 5 °  ( F o u n d  : B r ,  3 7 - 5 .  C j g H j g O g N g B r g S  r e q u i r e s  B r ,  3 6 * 7 % ) .
2 : 4 :  ^-Tribromophenyl o-Bromo-p-toluenesulphonate.— T h e  d i -  
a m i n o - c o m p o u n d  w a s  d i a z o t i s e d  a t  2 0 — 2 5 ° ,  i n  a  m i x t u r e  o f  e q u a l  
p a r t s  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  a n d  w a t e r ,  w i t h  a  s o l u t i o n  
o f  s o d i u m  n i t r i t e .  T h e  d i a z o - p e r b r o m i d e  w a s  p r e c i p i t a t e d  b y  
m e a n s  o f  a  s o l u t i o n  o f  b r o m i n e  i n  a q u e o u s  p o t a s s i u m  b r o m i d e , ,  
c o l l e c t e d ,  w a s h e d ,  a n d  d e c o m p o s e d  i n  g l a c i a l  a c e t i c  a c i d ,  t h e  t e m p e r ­
a t u r e  o f  t h e  l a t t e r  b e i n g  s l o w l y  r a i s e d  u n t i l  t h e  b . p .  w a s  r e a c h e d .  
W a t e r  w a s  a d d e d ,  a n d  t h e  p r e c i p i t a t e  c r y s t a l l i s e d  f r o m  a l c o h o l ,  
c o l o u r l e s s  l e a f l e t s ,  m .  p .  1 0 7 — 1 0 8 ° ,  b e i n g  o b t a i n e d  ( F o u n d  : B r , .  
5 6 * 9 .  C jg H g O g B r ^ S  r e q u i r e s  B r ,  5 6 * 7 % ) .
2 : 4 :  ^-Tribromophenol.— (a) A  s o l u t i o n  o f  t h e  p r e c e d i n g  c o m ­
p o u n d  i n  e x c e s s  o f  p i p e r i d i n e  w a s  b o i l e d  u n d e r  r e f l u x  f o r  a n  
h o u r ;  t h e  s o l u t i o n  w a s  t h e n  s t r o n g l y  a c i d i f i e d  a n d  s u b m i t t e d  t o  
s t e a m  d i s t i l l a t i o n .  T h e  t r i b r o m o p h e n o l  p a s s e d  o v e r  r a p i d l y ,  a n d  
c r y s t a l l i s e d  f r o m  l i g h t  p e t r o l e u m  ( b .  p .  4 0 — 6 0 ° )  i n  l o n g  c o l o u r l e s s  
n e e d l e s ,  m .  p .  8 5 — 8 6 °  ( F o u n d  : B r ,  7 3 * 0 .  C g H g O B r g  r e q u i r e s  
B r ,  7 2 * 5 % ) .
(6) 2 : 4 : 5 - T r i b r o m o a n i l i n e ,  p r e p a r e d  f o r  t h e  p u r p o s e  f r o m  
p - d i b r o m o b e n z e n e ,  w a s  c o n v e r t e d  i n t o  t h e  c o r r e s p o n d i n g  p h e n o l  
b y  a d a p t i n g  t h e  m e t h o d  o f  N o e l t i n g  a n d  K o p p  (loc. cit.). T h e  
p r o d u c t  w a s  i d e n t i c a l  w i t h  t h a t  f r o m  p r o c e s s  (a).
K o h n  a n d  P f e i f e r  (Monatsh., 1 9 2 7 ,  4 8 ,  2 1 1 )  o b t a i n e d  w h a t  w a »
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e v i d e n t l y  m a i n l y  2 : 4 :  5 - t r i b r o m o p h e n o l ,  m .  p .  7 9 ° ,  b y  h e a t i n g  
p e n t a b r o m o p h e n o l  w i t h  z i n c  d u s t  a n d  g l a c i a l  a c e t i c  a c i d .  W e  
f a i l e d  t o  t r a c e  t h i s  w o r k  f o r  s o m e  t i m e ,  s i n c e  i n  t h e  o r i g i n a l  p a p e r  
a n d  i n  t h e  B r i t i s h  a b s t r a c t s  t h e  s u b s t a n c e  w a s  i n c o r r e c t l y  c a l l e d  
3 : 4 :  6- t r i b r o m o p h e n o l .
Nitration of 2  : 4-Dibromo-2' : 4'-dinitrodipJienyl Ether.— T h e  
e t h e r ,  d e s c r i b e d  b y  L e  F è v r e ,  S a u n d e r s ,  a n d  T u r n e r  ( J . ,  1 9 2 7 , 1 1 6 8 ) ,  
i s  m o r e  c o n v e n i e n t l y  o b t a i n e d  a s  f o U o w s  : 2 1  g .  o f  2  : 4 - d i b r o m o -  
p h e n o l  w e r e  a d d e d  t o  4 - 6  g .  o f  p o t a s s i u m  h y d r o x i d e  p r e v i o u s l y  
f u s e d  w i t h  0 * 5  c . c .  o f  w a t e r .  T o  t h e  s t i U  h o t  m i x t u r e  w e r e  a d d e d  
1 7 * 5  g .  o f  l - c h l o r o - 2  : 4 - d i n i t r o b e n z e n e .  A f t e r  a  f e w  m i n u t e s ’ 
s h a k i n g ,  p o t a s s i u m  c h l o r i d e  b e g a n  t o  s e p a r a t e ,  a n d  a f t e r  a n  h o u r ’s  
h e a t i n g  a t  1 0 0 ° ,  i n t e r a c t i o n  w a s  c o m p l e t e .  E x c e s s  o f  d i l u t e  a l k a l i  
w a s  a d d e d ,  a n d  t h e  m i x t u r e  c o o l e d  a n d  s h a k e n .  T h e  s o l i d  m e a l y  
p r o d u c t  w a s  c o l l e c t e d ,  w a s h e d  w i t h  w a t e r ,  a n d  c r y s t a l l i s e d  f r o m  
g l a c i a l  a c e t i c  a c i d  ( 2 3  g . ,  m .  p .  1 3 3 ° ) .
T h e  e t h e r  w a s  a d d e d  r a p i d l y  t o  1 0  p a r t s  o f  n i t r i c  a c i d  [d 1 * 5 ) .  
A f t e r  0 * 5  h o u r ,  t h e  s o l u t i o n  w a s  p o u r e d  i n t o  w a t e r .  T h e  p r e ­
c i p i t a t e d  s o h d  w a s  c o l l e c t e d ,  w a s h e d ,  a n d  c r y s t a l l i s e d  f r o m  g l a c i a l  
a c e t i c  a c i d ,  2  : 4-dibromo-5 : 2 '  : 4'-trinitrodiphenyl ether b e i n g  
o b t a i n e d  i n  v e r y  p a l e  y e l l o w  n e e d l e s ,  m .  p .  1 4 2 °  ( F o u n d  : B r ,  3 5 * 1 .  
C ig S g O ^ N g B r g  r e q u i r e s  B r ,  3 4 - 9 % ) .
Scission of 2  : 4-Dibromo-5 : 2 ' : 4'4rinitrodiphenyl Ether.— ( a )  
With piperidine. T h e  t r i n i t r o - c o m p o u n d  w a s  h e a t e d  w i t h  t w i c e  i t s  
w e i g h t  o f  p i p e r i d i n e  a t  1 0 0 °  f o r  a n  h o u r .  T h e  s o l u t i o n  w a s  t r e a t e d  
w i t h  a l k a l i  a n d  e x t r a c t e d  s e v e r a l  t i m e s  w i t h  b e n z e n e .  T h e  b e n z e n e  
l a y e r  w a s  e x t r a c t e d  f i r s t  w i t h  h y d r o c h l o r i c  a c i d  a n d  t h e n  w i t h  
a l k a l i .  A c i d i f i c a t i o n  o f  t h e  a l k a l i n e  s o l u t i o n  g a v e  2  : 4 - d i b r o m o -
5 - n i t r o p h e n o l ,  i d e n t i c a l  w i t h  t h e  a b o v e  p r o d u c t ,  a n d  t h e  b e n z e n e  
l a y e r  y i e l d e d  2  : 4 - d i n i t r o p h e n y l p i p e r i d i n e .
( b )  With aniline. T h e  t r i n i t r o - c o m p o u n d  w a s  h e a t e d  f o r  a n  
h o u r  a t  1 0 0 °  w i t h  e x c e s s  o f  a n i l i n e .  O n  a d d i t i o n  o f  m u c h  d i l u t e  
h y d r o c h l o r i c  a c i d ,  2 : 4 - d i n i t r o d i p h e n y l a m i n e  s e p a r a t e d  i n  a l m o s t  
q u a n t i t a t i v e  y i e l d .
Nitration of  2  : 4-Dibromophenyl Benzoate.— T h e  b e n z o a t e  w a s  
a d d e d  s l o w l y  t o  1 0  p a r t s  o f  n i t r i c  a c i d  (d 1 * 5 ) ,  k e p t  b e l o w  3 0 ° .  
A f t e r  a  f u r t h e r  1 5  m i n u t e s ,  t h e  s o l u t i o n  w a s  p o u r e d  i n t o  e x c e s s  o f  
c o l d  w a t e r .  T h e  g u m m y  p r e c i p i t a t e  w a s  s e p a r a t e d ,  a n d  h e a t e d  w i t h  
w a t e r  u n t i l  i t  b e c a m e  h a r d .  I t  c r y s t a l l i s e d  f r o m  a l c o h o l  i n  c o l o u r ­
l e s s  n e e d l e s ,  m .  p .  1 5 5 — 1 5 6 °  ( F o u n d  : B r ,  3 6 - 2 .  C ig H g O g N g B r g  
r e q u i r e s  B r ,  3 5 * 9 % ) .  T h e  n i t r o - c o m p o u n d  w a s  h e a t e d  f o r  a n  h o u r  
a t  1 0 0 °  w i t h  e x c e s s  o f  p i p e r i d i n e .  T h e  e x c e s s  o f  p i p e r i d i n e  w a s  
r e m o v e d  b y  e x t r a c t i o n  w i t h  b e n z e n e  i n  p r e s e n c e  o f  a l k a l i .  T h e  
2 : 4 - d i b r o m o - 5 - n i t r o p h e n o l  o b t a i n e d ,  a f t e r  c r y s t a l l i s a t i o n  f r o m
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l i g h t  p e t r o l e u m ,  h a d  m .  p .  7 7 — 7 8 ° ,  a n d  d i d  n o t  d e p r e s s  t h e  m .  p .  
o f  t h e  d i b r o m o - c o m p o u n d  d e s c r i b e d  a b o v e .
T h e  m - n i t r o p h e n o l  u s e d  i n  t h e s e  e x p e r i m e n t s  w a s  p r e p a r e d  a s  
d e s c r i b e d  i n  A d a m s ’s  “  O r g a n i c  S y n t h e s e s , ”  V o l .  V I I I ,  p .  8 0 ,  b u t  
i t  w a s  f o u n d  a d v i s a b l e  t o  r e m o v e  a l l  t r a c e s  o f  s u l p h u r i c  a c i d  f r o m  
t h e  c r u d e  p r o d u c t  b y  d i s s o l v i n g  i t  i n  a l k a l i  a n d  r e p r e c i p i t a t i n g  i t  
w i t h  h y d r o c h l o r i c  a c i d  b e f o r e  d i s t i l l i n g  i t  u n d e r  r e d u c e d  p r e s s u r e  ; 
o t h e r w i s e ,  t o w a r d s  t h e  e n d  o f  t h e  d i s t i l l a t i o n , e x p l o s i v e  d e c o m p o s i t i o n  
s e t  i n .  F r o m  2 1 2  g .  o f  m - n i t r o a n i l i n e ,  1 3 5 — 1 4 0  g .  o f  p u r e  m - n i t r o ­
p h e n o l  w e r e  c o n s i s t e n t l y  o b t a i n e d .
m-Nitrophenyl p4oluenesulphonate, o b t a i n e d  i n  t h e  u s u a l  w a y ,  
s e p a r a t e d  f r o m  a l c o h o l  i n  p r i s m s ,  m .  p .  1 1 2 — 1 1 3 °  ( F o u n d  : S ,  
1 0 * 7 .  C 13H 11O 5N S  r e q u i r e s  S ,  1 0 * 9 % ) .
Experiments on the Dihromination of m-NitrophenoL— ( A )  D ry.
( 1) T h e  m e t h o d  d e s c r i b e d  b y  L i n d n e r  (loc. cit.) l e d  t o  m i x t u r e s ,  
t h e  e x a m i n a t i o n  o f  w h i c h  p r o v e d  u n p r o f i t a b l e .
(2 ) A  c u r r e n t  o f  c a r b o n  d i o x i d e  l a d e n  w i t h  b r o m i n e  v a p o u r  w a s  
p a s s e d  t h r o u g h  m - n i t r o p h e n o l  i n  a  b a t h  a t  1 2 0 — 1 4 0 °  u n t i l  t h e  
d e s i r e d  i n c r e a s e  i n  w e i g h t  h a d  o c c u r r e d .  T h e  p r o d u c t  w a s  w o r k e d  
u p  b y  L i n d n e r ’s  m e t h o d .  P r e c i p i t a t i o n  o f  t h e  b a r i u m - s a l t  f r a c t i o n  
g a v e  a  s o l i d ,  m .  p .  8 2 — 9 8 ° .  A  m i x t u r e  o f  t h i s  w i t h  2 : 4 :  6- t r i -  
b r o m o - 3 - n i t r o p h e n o l  m e l t e d  b e l o w  7 5 ° ,  a n d  o n e  w i t h  4 - b r o m o -
3 - n i t r o p h e n o l  m e l t e d  a t  7 6 — 1 3 5 ° .  O n  t h e  a s s u m p t i o n s  t h a t  t h e  
p r o d u c t ,  m .  p .  8 2 — 9 8 ° ,  i s  a p p r o x i m a t e l y  5 0 %  o f  4 - b r o m o -  a n d  
5 0 %  o f  t r i b r o m o - 3 - n i t r o p h e n o l ,  a n d  t h a t  t h e  m i x e d  m e l t i n g - p o i n t  
c u r v e  i s  o f  t h e  s i m p l e s t  t y p e ,  t h e s e  r e s u l t s  a r e  e x p l i c a b l e ,  a s  i s  a l s o  
t h e  b r o m i n e  c o n t e n t  o f  t h e  b r o m i n a t i o n  p r o d u c t  ( 5 1 * 3 % ;  a  1  : 1  
m i x t u r e  o f  m o n o -  a n d  t r i - b r o m o - c o m p o u n d s  r e q u i r e s  B r ,  5 3 * 9 % ) .
( 3 )  O n  o n e  o c c a s i o n ,  b y  S c h l i e p e r ’s  m e t h o d  o f  m o n o b r o m i n a t i o n ,  
a  p r o d u c t  w a s  o b t a i n e d  c o r r e s p o n d i n g  v e r y  c l o s e l y  t o  t h a t  j u s t  
d e s c r i b e d .  I t  h a d  m .  p .  8 5 — 9 5 ° ,  a n d  B r ,  5 1 * 2 % .
( B )  Wet. ( 1 )  A  s o l u t i o n  o f  m - n i t r o p h e n o l  (1  m o l . )  a n d  b r o m i n e  
(2 m o i s . )  i n  9 0 %  a c e t i c  a c i d  w a s  l e f t  i n  t h e  c o l d  f o r  a n  h o u r .  S i n c e  
b r o m i n a t i o n  d i d  n o t  b e g i n ,  t h e  s o l u t i o n  w a s  h e a t e d  a t  1 0 0 °  f o r  0 * 5  
h o u r  a n d  t h e n  b o i l e d  f o r  0 * 5  h o u r .  T h e  p r o d u c t  w a s  w o r k e d  u p  b y  
L i n d n e r ’s  m e t h o d  a n d  g a v e  n o  s u b s t a n c e  c o r r e s p o n d i n g  t o  h i s  
d i b r o m o - d e r i v a t i v e .
( 2 )  A  s o l u t i o n  o f  m - n i t r o p h e n o l  (1  m o l . )  a n d  a n h y d r o u s  s o d i u m  
a c e t a t e  (2 m o i s . )  i n  g l a c i a l  a c e t i c  a c i d  w a s  t r e a t e d  w i t h  a  s o l u t i o n  
o f  b r o m i n e  (2 m o i s . )  i n  g l a c i a l  a c e t i c  a c i d .  A  n u m b e r  o f  e x p e r i m e n t s  
w e r e  c a r r i e d  o u t ,  w i t h  v a r i a t i o n  o f  c o n c e n t r a t i o n s ,  t e m p e r a t u r e ,  
a n d  t i m e  o f  m i x i n g .  I n  e v e r y  c a s e  t h e  m a i n  p r o d u c t  w a s  2 : 4 : 6 -  
t r i b r o m o - 3 - n i t r o p h e n o l ,  m .  p .  8 9 — 9 0 °  ( F o u n d  : B r ,  6 3 * 4 .  C a lc .  : 
B r ,  6 3 * 8 % ) .
^  AND BELATED COMPOUNDS, ETC. PART m . 936
2 : 4 :  ^-Trihromo-^-nitrophmyl p-Toluenesulphonate.— T h e  t r i -  
b r o m o - c o m p o u n d  w a s  r e a d i l y  c o n v e r t e d  i n t o  t h e  p-toluenesulphonyl 
d e r i v a t i v e ,  w h i c h  c r y s t a l l i s e d  f r o m  a l c o h o l  i n  c o l o u r l e s s  n e e d l e s ,  
m .  p .  1 4 6 — 1 4 7 °  ( F o u n d  : B r ,  4 5 - 2  ; S ,  6 0 .  C ig H g O g N B r g S  r e q u i r e s  
B r ,  4 5 * 3 ;  S ,  6 - 0 % ) .
2 : 4 :  Q-Tribromo-Z-aminopJienyl p-Toluenesulphonate.— R e d u c ­
t i o n  o f  t h e  p r e c e d i n g  c o m p o u n d  w a s  e f f e c t e d  b y  W e s t ’s  m e t h o d  
( J . ,  1 9 2 5 ,  1 2 7 ,  4 9 4 ) .  T h e  a m m o - c o m p o u n d  s e p a r a t e d  f r o m  a l c o h o l  
o r  d i l u t e  a c e t i c  a c i d  i n  c o l o u r l e s s  p r i s m s ,  m .  p .  1 4 6 — 1 4 7 °  ( m i x t u r e  
w i t h  t h e  n i t r o - c o m p o u n d ,  m .  p .  1 2 0 — 1 2 5 ° )  ( F o u n d  : B r ,  4 7 * 9 .  
C i g H i o O g N B r g S  r e q u i r e s  B r ,  4 8 * 0 % ) .
2 : 3 : 4 :  6-Tetrabro7nophenol.— A  s o l u t i o n  o f  t h e  p r e c e d i n g  a m i n o -  
c o m p o u n d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  w a s  d i a z o t i s e d  a t  1 5 °  
w i t h  a  s o l u t i o n  o f  s o d i u m  n i t r i t e  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  
( m a d e  a t  —  1 0 ° ) .  W h e n  t h e  r e s u l t i n g  s o l u t i o n  w a s  p o u r e d  o n  i c e ,  
a  y e l l o w  c r y s t a l l i n e  p r e c i p i t a t e  o f  t h e  d i a z o - c o m p o u n d  s e p a r a t e d .  
A d d i t i o n  o f  w a t e r  p r o d u c e d  a  c l e a r  s o l u t i o n ,  t o  w h i c h  w a s  a d d e d  a  
s o l u t i o n  o f  b r o m i n e  i n  p o t a s s i u m  b r o m i d e  u n t i l  n o  f u r t h e r  p r e c i p i t a t e  
w a s  o b t a i n e d .  T h e  d i a z o - p e r b r o m i d e  w a s  c o l l e c t e d ,  w a s h e d  w i t h  
w a t e r ,  a n d  d e c o m p o s e d  i n  h o t  g l a c i a l  a c e t i c  a c i d .  O n  c o o l i n g ,  a  
c r y s t a l l i n e  p r o d u c t  s e p a r a t e d ,  w h i c h  w a s  w a s h e d  w i t h  w a t e r  a n d  
t h e n  h e a t e d  w i t h  e x c e s s  o f  p i p e r i d i n e  a t  1 0 0 °  f o r  4  h o u r s .  A d d i t i o n  
o f  w a t e r  p r e c i p i t a t e d  2 : 3 : 4 : 6- t e t r a b r o m o p h e n o l ,  w h i c h  s o o n  
b e c a m e  s o l i d  a n d  c r y s t a l h s e d  f r o m  d i l u t e  a l c o h o l  i n  c o l o u r l e s s  
n e e d l e s ,  m .  p .  1 1 3 — 1 1 4 ° .  A n  i d e n t i c a l  s p e c i m e n  w a s  o b t a i n e d  
b y  u s i n g  t h e  S a n d m e y e r  i n s t e a d  o f  t h e  p e r b r o m i d e  p r o c e s s  ( F o u n d  : 
B r ,  7 6 * 8 . C a l c . :  B r ,  7 8 * 0 % ) .
N-p-Bromophenylphthalimide .— A  m i x t u r e  o f  p - b r o m o a n i h n e  
(1 m o l . )  w i t h  f i n e l y  g r o u n d  p h t h a l i c  a n h y d r i d e  (1 m o l . )  w a s  h e a t e d  
a t  2 5 0 — 3 0 0 °  f o r  2  h o u r s .  T h e  m o l t e n  m a s s  w a s  p o u r e d  i n t o  c o l d  
a l c o h o l  a n d  t h e  s o l i d  p r o d u c t  w a s  g r o u n d  a n d  e x t r a c t e d  w i t h  a  
l a r g e  v o l u m e  o f  b o i l i n g  a l c o h o l .  T h e  r e s i d u a l  s o l i d  a n d  t h e  l o n g  
s i l k y  n e e d l e s  t h a t  s e p a r a t e d  f r o m  t h e  e x t r a c t  b o t h  m e l t e d  a t  2 0 4 °  
( F o u n d  : B r ,  2 6 * 8 .  C i^ H g O g N B r  r e q u i r e s  B r ,  2 6 * 5 % ) .  Y i e l d ,  88% .
Nitration of 'N-p-Bromophenylphthalimide.— T h e  i m i d e  (1  m o l . )  
w a s  d i s s o l v e d  i n  10 p a r t s  o f  w a r m  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  
T o  t h e  s o l u t i o n ,  c o o l e d  i n  r u n n i n g  w a t e r ,  1 m o l .  o f  n i t r i c  a c i d  (d 
1 * 5 ) ,  d i s s o l v e d  i n  5  v o l s ,  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  w a s  a d d e d  
s l o w l y ,  w i t h  s t i r r i n g .  A f t e r  a n  h o u r ,  t h e  s o l u t i o n  w a s  p o u r e d  o n  i c e ,  
a n d  t h e  r e s u l t i n g  g u m m y  p r e c i p i t a t e  c o l l e c t e d .  I t  w a s  h e a t e d  f o r  a n  
h o u r  a t  1 3 0 °  w i t h  9 0 %  s u l p h u r i c  a c i d ,  a n d  t h e  r e s u l t i n g  s o l u t i o n  w a s  
m u c h  d i l u t e d  a n d  t h e n  b a s i f i e d .  T h e  p r o d u c t  w a s  m a i n l y  4 - b r o m o -
2 - n i t r o a n i l i n e ,  a n d  d i d  n o t  c o n t a i n  m o r e  t h a n  2 0 %  o f  4 - b r o m o - 3 -  
n i t r o a n i l i n e  ( f r a c t i o n a l  c r y s t a l l i s a t i o n  o f  t h e  m i x e d  s u l p h a t e s ) .
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N i t r a t i o n  o f  ^ - b r o m o a n i l i n e  i n  e x c e s s  o f  s u l p h u r i c  a c i d  a s  d e s c r i b e d  
b y  N o e l t i n g  a n d  C o l l i n  {loc. cit.) g a v e  4 - b r o m o - 3 - n i t r o a n i l i n e  i n  
g o o d  y i e l d ,  b u t  a n  a t t e m p t  t o  e f f e c t  r e p l a c e m e n t  o f  t h e  a m i n o -  
g r o u p  b y  h y d r o x y l  b y  t h e  d i a z o - m e t h o d  p r o v e d  u n s u c c e s s f u l .
Mononitration of ON-Diacetyl-p-aminoplienol.— H a h l e  (loc. cit.) 
r e c o m m e n d s  n i t r a t i o n  a t  0 °  w i t h  f u m i n g  n i t r i c  a c i d .  W e  h a v e  f o u n d  
t h a t  t h e  b e s t  r e s u l t s  a r e  o b t a i n e d  w h e n  5 0  g .  o f  t h e  d i a c e t y l  c o m ­
p o u n d  a r e  a d d e d  g r a d u a l l y  t o  7 5  c . c .  o f  n i t r i c  a c i d  (d 1 - 5 )  k e p t  a t  
a b o u t  5° .  ( O n l y  p a r t i a l  n i t r a t i o n  o c c u r s  a t  t e m p e r a t u r e s  j u s t  
b e l o w  0° ,  a n d  t h e  d i a c e t y l  c o m p o u n d  m a y  b e  r e c o v e r e d  u n c h a n g e d  
f r o m  i t s  s o l u t i o n  i n  a  m i x t u r e  o f  e q u a l  v o l u m e s  o f  a c i d s  o f  d  1 * 5  
a n d  d  1 * 4 2 ,  k e p t  a t  0°  t o  —  5 ° . )  T h e  s o l u t i o n  i s  p o u r e d  o n  i c e ,  
a n d  t h e  p r e c i p i t a t e  o b t a i n e d  i s  c r y s t a l l i s e d  f r o m  a l c o h o l .
4-Bromo-?t-nitropTicnol.— ON - D i a c e t y l - 3 - n i t r o - 4 - a m i n o p h e n o l  w a s  
s l o w l y  a d d e d  t o  10 t i m e s  i t s  w e i g h t  o f  b o i h n g  h y d r o b r o m i c  a c i d  
(d 1 - 4 9 ) .  B o i h n g  w a s  c o n t i n u e d  f o r  J  h o u r  a n d  t h e  s u s p e n s i o n  o f  
3 - n i t r o - 4 - a m i n o p h e n o l  h y d r o b r o m i d e  w a s  t h e n  d i l u t e d  a n d  d i a z o ­
t i s e d  : d i a z o t i s a t i o n  w a s  s l o w .  T h e  e x c e s s  o f  n i t r o u s  a c i d  w a s  
r e m o v e d  b y  a d d i t i o n  o f  u r e a  a n d  t h e  s o l u t i o n  o b t a i n e d  w a s  p o u r e d  
i n t o  a  s u s p e n s i o n  o f  c o p p e r  p o w d e r  i n  2 5 %  h y d r o b r o m i c  a c i d .  
T h e  c o p p e r  s l o w l y  d i s s o l v e d  a n d  n e e d l e s  s e p a r a t e d .  T h e s e  c r y s t a l ­
h s e d  f r o m  w a t e r  i n  b r o w n  n e e d l e s ,  m .  p .  1 4 6 - 5 — 1 4 7 - 5 ° ,  a n d  f r o m  
d i l u t e  h y d r o c h l o r i c  a c i d  i n  y e h o w  n e e d l e s  h a v i n g  t h e  s a m e  m .  p .
4 - C h l o r o - 3 - n i t r o p h e n o l  w a s  o b t a i n e d  i n  a  p r e c i s e l y  s i m i l a r  m a n n e r  
f r o m  d i a c e t y l - 3 - n i t r o - 4 - a m i n o p h e n o l .  T h e  d i a z o t i s a t i o n  p r o c e e d e d  
m o r e  e a s i l y  t h a n  w i t h  t h e  b r o m o - c o m p o u n d .  T h e  p r o d u c t  c r y s t a l ­
h s e d  f r o m  d i l u t e  h y d r o c h l o r i c  a c i d  i n  y e h o w  n e e d l e s ,  m .  p .  1 2 7 —  
1 2 8 ° .
3 - B r o m o - 2 - n i t r o p h e n o l  w a s  p r e p a r e d  b y  H o d g s o n  a n d  M o o r e ’s  
m e t h o d  ( J . ,  1 9 2 6 ,  1 5 7 ) .  I n  t h e  i n t e r m e d i a t e  s u l p h o n a t i o n  w e  
o b t a i n e d  g o o d  r e s u l t s  w i t h  20%  o l e u m ,  b u t  w i t h  a c i d  o f  t h e  c o m ­
p o s i t i o n  ( 2 7  %  o l e u m )  u s e d  b y  H o d g s o n  a n d  M o o r e ,  o u r  s u l p h o n a t i o n  
m i x t u r e  s e t  a l m o s t  s o h d  a n d  w o u l d  n o t  d i s s o l v e  e v e n  i n  a  l a r g e  
q u a n t i t y  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d .
^-Bromo-2-niirophenyl p-toluenesulphonate, r e a d i l y  o b t a i n e d  i n  
t h e  u s u a l  w a y ,  c r y s t a l h s e d  f r o m  a l c o h o l ,  i n  w h i c h  i t  w a s  v e r y  
s p a r i n g l y  s o l u b l e ,  i n  c o l o u r l e s s  r e c t a n g u l a r  p l a t e s ,  m .  p .  1 3 6 - 5 —  
1 3 7 - 5 °  ( F o u n d  : B r ,  2 1 - 4 .  C i g H i o O g N B r S  r e q u i r e s  B r ,  2 1 - 5 % ) .
3-Bromo-2-aminophenyl p-Toluenesulphonate.— T h e  p r e c e d i n g  
n i t r o - c o m p o u n d  w a s  r e d u c e d  w i t h  a  m i x t u r e  o f  2 p a r t s  o f  c r y s t a l l i n e  
s t a n n o u s  c h l o r i d e ,  2 p a r t s  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  a n d  
7  p a r t s  o f  g l a c i a l  a c e t i c  a c i d  a t  1 0 0 ° .  M u c h  a l k a h  w a s  a d d e d  a n d  
t h e  s u s p e n s i o n  p r o d u c e d  w a s  e x t r a c t e d  w i t h  e t h e r .  E v a p o r a t i o n  
o f  t h e  d r i e d  e t h e r e a l  e x t r a c t ,  f o l l o w e d  b y  c r y s t a l h s a t i o n  f r o m  a l c o h o l ,
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g a v e  c o l o u r l e s s  n e e d l e s  o f  t h e  a m m o - c o m p o u n d ,  m .  p .  120— 121°  
( F o u n d  : B r ,  2 3  6 . C i g H i g O g N B r S  r e q u i r e s  B r ,  2 3 * 4 % ) .
2  : Z-Dibromophenol.— T h e  a m i n o - c o m p o u n d  w a s  d i a z o t i s e d  i n  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  a t  1 5 — 2 0 ° ,  w i t h  a  s o l u t i o n  o f  s o d i u m  
n i t r i t e  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  p r e p a r e d  a t  —  1 0 ° .  T h e  
r e a c t i o n  m i x t u r e  w a s  p o u r e d  o n  i c e .  A  s m a l l  p o r t i o n  w a s  f o u n d  
t o  c o u p l e  n o r m a l l y  w i t h  a l k a l i n e  p - n a p h t h o l ,  a n d  t h e  m a i n  p o r t i o n  
w a s  a d d e d  t o  c u p r o u s  b r o m i d e - h y d r o b r o m i c  a c i d .  T h e  r e s u l t i n g  
s o l u t i o n  w a s  h e a t e d  o n  a  b o i l i n g  w a t e r - b a t h  u n d e r  r e f l u x  f o r  f  h o u r  
a n d  t h e n  d i s t i l l e d  i n  s t e a m .  T h e  w h i t e  s o h d  t h a t  p a s s e d  o v e r  
w a s  d r i e d  o v e r  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( d e s i c c a t o r )  a n d  c r y s t a l ­
h s e d  f r o m  l i g h t  p e t r o l e u m  ( b .  p .  4 0 — 6 0 ° ) .  T h e  2 : ^-dibromophenol 
o b t a i n e d  f o r m e d  s t o u t  p r i s m s ,  m .  p .  6 8 — 6 9 °  ( F o u n d  : B r ,  6 3 ° 6 .  
C g H ^ O B ig  r e q u i r e s  B r ,  6 3 * 6 % ) .  I t  i s  m u c h  l e s s  s o l u b l e  i n  l i g h t  
p e t r o l e u m  t h a n  2 : 3- d i c h l o r o p h e n o l  a n d  i s  v e r y  m u c h  l e s s  v o l a t i l e .
Monobrcmination of Wet m-Nitrophenol.— ( a )  W h e n  a  d i l u t e  
s o l u t i o n  o f  b r o m i n e  (1 m o l . )  w a s  a d d e d  t o  a  c o l d  d i l u t e  s o l u t i o n  o f  
m - n i t r o p h e n o l  (1 m o l . )  a n d  a n h y d r o u s  s o d i u m  a c e t a t e  (1 m o l . )  i n  
g l a c i a l  a c e t i c  a c i d ,  a  m i x t u r e  o f  s u b s t a n c e s  w a s  f o r m e d ,  t h e  e x a m i n ­
a t i o n  o f  w h i c h  l e d  t o  n o  p o s i t i v e  r e s u l t s .
( b )  A  s o l u t i o n  o f  2 0  g .  o f  m - n i t r o p h e n o l  a n d  8*8 c . c .  o f  b r o m i n e  
i n  3 0  c . c .  o f  g l a c i a l  a c e t i c  a c i d  w a s  g e n t l y  b o i l e d  u n d e r  r e f l u x  f o r  
2  h o u r s ;  i t  t h e n  b e c a m e  a l m o s t  c o l o u r l e s s .  T h e  s o l v e n t  w a s  
e v a p o r a t e d  o n  a  b o i h n g  w a t e r - b a t h  a n d  t h e  r e s i d u e ,  w h i c h  b e c a m e  
c r y s t a l h n e  o n  c o o h n g ,  w a s  d i s s o l v e d  i n  d i l u t e  a q u e o u s  a l k a h .  
A d d i t i o n  o f  a c i d  p r e c i p i t a t e d  a n  a l m o s t  c o l o u r l e s s  s o h d  w h i c h ,  a f t e r  
b e i n g  c r y s t a l h s e d  f r o m  d i l u t e  h y d r o c h l o r i c  a c i d ,  m e l t e d  a t  1 1 7 —  
120° ,  a n d  a f t e r  a  f u r t h e r  c r y s t a l h s a t i o n  f r o m  h g h t  p e t r o l e u m  ( b .  p .  
8 0 — 1 0 0 ° ) ,  a t  1 1 8  5 — 121° ( F o u n d  : B r ,  3 6  4 .  C g H ^ O g N B r  r e q u i r e s  
B r ,  3 6 * 7 % ) .  T h e  f  o h o  w i n g  e x p e r i m e n t s  s h o w  t h a t  t h i s  s u b s t a n c e  
i s  2-brcmo-6-nitrophenol.
2-Bromo-^-nitrophenyl p-toluenesulphonate w a s  f o r m e d  i n  g o o d  
y i e l d  b y  t h e  u s u a l  p r o c e s s  ; i t  c r y s t a h i s e d  f r o m  a l c o h o l  i n  c o l o u r l e s s  
p l a t e s ,  m .  p .  1 3 1 * 5 — 1 3 2 * 5 °  ( F o u n d  : B r ,  2 1 6 .  C i o H i o O g N B r S  
r e q u i r e s  B r ,  2 1 * 5 % ) .
2-Bromo-^-aminophenyl p-toluenesulphonate, o b t a i n e d  b y  t h e  
r e d u c t i o n  o f  t h e  n i t r o - c o m p o u n d  w i t h  s t a i m o u s  c h l o r i d e ,  h y d r o ­
c h l o r i c  a c i d ,  a n d  a c e t i c  a c i d ,  c r y s t a l h s e d  f r o m  a l c o h o l  i n  c o l o u r l e s s  
b u n c h e s  o f  p r i s m s ,  m .  p .  1 3 5 — 1 3 6 °  ( F o u n d  : B r ,  2 3 * 3 .
C i g H i g O g N B r S  r e q u i r e s  B r ,  2 3 * 4 % ) .
2  : ^-Dibromophenol. ( a )  T h e  l a s t - n a m e d  a m i n o - c o m p o u n d  w a s  
d i a z o t i s e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  e x a c t l y  a s  d e s c r i b e d  
u n d e r  t h e  p r e p a r a t i o n  o f  2 : 3 - d i b r o m o p h e n o l .  T h e  s t e a m - d i s t i h e d  
2 : ^-dibromophenol w a s  d r i e d  o v e r  c o n c e n t r a t e d  s u l p h u r i c  a c i d
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( d e s i c c a t o r )  a n d  t h e n  c r y s t a l l i s e d  f r o m  l i g h t  p e t r o l e u m  ( b .  p .  4 0 —  
6 0 ° )  ; i t  f o r m e d  p r i s m a t i c  n e e d l e s ,  m .  p .  7 3 — 7 4 °  ( F o u n d  : B r ,  
6 3 - 4 .  C g H ^ O B r g  r e q u i r e s  B r ,  6 3 * 6 % ) .  I t  w a s  r e a d i l y  c o n v e r t e d  
i n t o  2  : 6-dibromophenyl p4oluenesulpTi07iate, w h i c h  s e p a r a t e d  f r o m  
a l c o h o l  i n  c o l o u r l e s s  p r i s m s ,  m .  p .  1 0 9 — 1 1 0 °  ( F o u n d  : B r ,  3 9 - 7 .  
C ig H io O g B r g S  r e q u i r e s  B r ,  3 9 * 4 % ) .
(b) 2 : 5 - D i b r o m o a n i l i n e  ( 4 4  g . ) ,  o b t a i n e d  i n  g o o d  y i e l d  b y  r e ­
d u c i n g  2  : o - d i b r o m o n i t r o b e n z e n e  b y  W e s t ’s  m e t h o d ,  w a s  d i s s o l v e d  
i n  1 5 0  c . c .  o f  w a r m  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  T h e  s o l u t i o n  w a s  
c o o l e d  t o  r o o m  t e m p e r a t u r e  a n d  t r e a t e d  w i t h  a  s o l u t i o n  o f  1 3  g .  
o f  s o d i u m  n i t r i t e  i n  1 5 0  c . c .  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( p r e p a r e d  
a t  —  1 0 ° ) .  A f t e r  a n  h o u r ,  1 5 0  c . c .  o f  w a t e r  w e r e  a d d e d  a n d  t h e  
r e s u l t i n g  s o l u t i o n ,  a f t e r  a d d i t i o n  o f  p u r i f i e d  s a n d ,  w a s  h e a t e d  u n d e r  
r e f l u x  o v e r  a  s m a l l  f l a m e  f o r  2  h o u r s .  ( A  s m a l l  p o r t i o n  o f  t h e  d i l u t e d  
d i a z o - s o l u t i o n  c o u p l e d  r e a d i l y  w i t h  a l k a l i n e  p - n a p h t h o l . )  T h e  w h o l e  
w a s  t h e n  d i s t i l l e d  i n  s t e a m ,  3 7  g .  o f  2  : 5 - d i b r o m o p h e n o l ,  c o n t a i n i n g  a  
t r a c e  o f  2  : 5 - d i b r o m o a n ü i n e ,  p a s s i n g  o v e r .  T h e  p h e n o l  w a s  f r e e d  
f r o m  t h e  b a s e  b y  s o l u t i o n  i n  a l k a l i  a n d  f i l t r a t i o n  a n d  t h e n  r e c o v e r e d  
b y  a c i d i f i c a t i o n  ; i t  h a d  m .  p .  7 3 — 7 4 ° ,  b .  p .  2 5 6 — 2 5 7 °  ( c o r r . ) / 7 5 5  m m .  
T h e  ^ - t o l u e n e s n l p h o n y l  d e r i v a t i v e  m e l t e d  a t  1 0 9 — 1 1 0 ° .
M i x t u r e s  o f  t h e  p h e n o l s  o r  o f  t h e i r  _ p - t o l u e n e s u l p h o n y l  d e r i v a t i v e s  
o b t a i n e d  b y  m e t h o d s  (a) a n d  (b) h a d  t h e  s a m e  m .  p .  a s  t h o s e  o f  t h e  
s i n g l e  s u b s t a n c e s .
Monobromination of D ry m -N itr ophenol.— ( 1 )  A  c u r r e n t  o f  d r y  
c a r b o n  d i o x i d e  w a s  p a s s e d  t h r o u g h  b r o m i n e  a n d  t h e n  t h r o u g h  
1 0 * 5  g .  o f  m - n i t r o p h e n o l  h e a t e d  a t  1 2 0 — 1 4 0 ° .  W h e n  t h e  c a l c u l a t e d  
i n c r e a s e  o f  w e i g h t  h a d  o c c u r r e d ,  t h e  p r o d u c t  w a s  f r e e d  f r o m  t h e  
e x c e s s  o f  b r o m i n e  b y  a  r a p i d  c u r r e n t  o f  c a r b o n  d i o x i d e  a n d  a t  o n c e  
d i s s o l v e d  i n  e x c e s s  o f  d i l u t e  s o d i u m  h y d r o x i d e  s o l u t i o n .  A f t e r  
a d d i t i o n  o f  d i l u t e  h y d r o c h l o r i c  a c i d ,  y e l l o w  n e e d l e s  o f  4 - b r o m o -
3 - n i t r o p h e n o l  s e p a r a t e d  f o r  s o m e  t i m e ,  a n d  l a t e r ,  a n  o i l  m a d e  i t s  
a p p e a r a n c e .  A t  t h i s  s t a g e  t h e  l i q u i d  w a s  f i l t e r e d  a n d  t h e  s o l i d  w a s  
c r y s t a l l i s e d  f r o m  d i l u t e  h y d r o c h l o r i c  a c i d ,  7  g .  o f  t h e  4 - b r o m o -  
c o m p o u n d ,  m .  p .  1 4 6 * 5 — 1 4 7 * 5 ° ,  b e i n g  o b t a i n e d .
( 2 )  m - N i t r o p h e n o l  ( 2 8  g . )  w a s  b r o m i n a t e d ,  t h e  w e i g h t  b e i n g  
a l l o w e d  t o  i n c r e a s e  t o  4 3  g .  W h e n  t h e  p r o d u c t  w a s  w o r k e d  u p  a s  
b e f o r e ,  2 2  g .  o f  p u r e  4 - b r o m o - 3 - n i t r o p h e n o l  w e r e  o b t a i n e d .
T h e  p r o d u c t s  f r o m  b o t h  e x p e r i m e n t s  d i d  n o t  d e p r e s s  t h e  m .  p*  
o f  4 - b r o m o - 3 - n i t r o p h e n o l  p r e p a r e d  f r o m  d i a c e t y l - p - a m i n o p h e n o l .
Attempted Monobromination of 4-Bromo-^-nitrophenol.— W h e n  
t h e  m o n o b r o m o - c o m p o u n d  (1  m o l . ) ,  d i s s o l v e d  t o g e t h e r  w i t h  1 m o l .  
o f  a n h y d r o u s  s o d i u m  a c e t a t e  i n  g l a c i a l  a c e t i c  a c i d ,  w a s  t r e a t e d  w i t h  
1 m o l .  o f  b r o m i n e  d i s s o l v e d  i n  t h e  s a m e  s o l v e n t ,  a  m i x t u r e  w a s  
o b t a i n e d  c o n t a i n i n g  u n c h a n g e d  4 - b r o m o - 3 - n i t r o p h e n o l .
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Attempted Monobromination of 2-Bromo-5-nitrophenol.— T h i s  
a p p e a r e d  t o  p r o c e e d  r e a d i l y .  T h e  a c e t i c  a c i d  w a s  e v a p o r a t e d ,  a n d  
t h e  h a r d  s o l i d  o b t a i n e d  ( o n  c o o l i n g )  c r y s t a l l i s e d  f r o m  l i g h t  p e t r o l e u m  
( b .  p .  8 0 — 1 0 0 ° ) .  T h e  p r o d u c t  h a d  t h e  a p p e a r a n c e  o f  a n  i n d i v i d u a l  
s u b s t a n c e ,  b u t  m e l t e d  a t  6 8 — 1 0 8 ° .
Monochlorination of m -N itr ophenol.— C h l o r i n e  w a s  p a s s e d  i n t o  
m - n i t r o p h e n o l  ( 4 2  g . )  a t  1 2 0 — 1 4 0 °  u n t i l  t h e  w e i g h t  i n c r e a s e d  b y  
9 * 5  g .  A  r a p i d  c u r r e n t  o f  c a r b o n  d i o x i d e  w a s  p a s s e d  t h r o u g h  t h e  
m o l t e n  p r o d u c t  u n t i l  t h e  e x c e s s  o f  c h l o r i n e  h a d  d i s a p p e a r e d  a n d  t h e  
w h o l e  w a s  t h e n  d i s s o l v e d  i n  d i l u t e  a l k a l i  s o l u t i o n .  D i l u t e  h y d r o ­
c h l o r i c  a c i d  w a s  a d d e d  u n t i l  n o  f u r t h e r  e v i d e n t  p r e c i p i t a t i o n  o c c u r r e d  
a n d  t h e  y e l l o w  n e e d l e s  p r o d u c e d  w e r e  w a s h e d  a n d  d r i e d  ( 1 4  g . ) .  
A f t e r  c r y s t a l l i s a t i o n  f r o m  d i l u t e  h y d r o c h l o r i c  a c i d ,  1 2  g .  o f  p u r e
4 - c h l o r o - 3 - n i t r o p h e n o l ,  m .  p .  1 2 7 — 1 2 8 ° ,  w e r e  o b t a i n e d .  T h e  
m o t h e r - l i q u o r  f r o m  t h e  f i r s t  f i l t r a t i o n  w a s  s t r o n g l y  a c i d i f i e d ,  a n d  
f i l t e r e d  a f t e r  s o m e  t i m e  : t h e  y e l l o w  p r e c i p i t a t e  o b t a i n e d ,  h a v i n g  
b e e n  w a s h e d  a n d  d r i e d ,  w e i g h e d  1 6  g .  a n d  a f t e r  c r y s t a l h s a t i o n  
f r o m  d i l u t e  h y d r o c h l o r i q  a c i d  g a v e  1 0  g .  o f  2 - c h l o r o - 3 - n i t r o p h e n o l ,  
m .  p .  1 2 0 °  ( F o u n d  : C l ,  1 9  6 .  C a l c .  : C l ,  2 0 * 0 % ) .  T h e  m o t h e r -  
K q u o r  f r o m  t h e  s e c o n d  p r e c i p i t a t i o n  w a s  e v a p o r a t e d  t o  a  s m a l l  
b u l k  u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e n  e x t r a c t e d  w i t h  e t h e r .  E v a p o r ­
a t i o n  o f  t h e  e x t r a c t  g a v e  1 2 * 5  g .  o f  a n  o i l y  m i x t u r e  o f  c h l o r o - c o m -  
p o u n d s .  T h e  t o t a l  y i e l d  o f  c r u d e  c h l o r o - c o m p o u n d s  w a s  8 5 %  o f  
t h e  t h e o r e t i c a l  y i e l d .
T h e  4 - c h l o r o - 3 - n i t r o p h e n o l  o b t a i n e d  p r o d u c e d  n o  d e p r e s s i o n  o f  
t h e  m .  p .  o f  t h e  m a t e r i a l  p r e p a r e d  f r o m  0 A - d i a c e t y l - m - n i t r o -  
p - a m i n o p h e n o l .
T h e  2 - c h l o r o - 3 - n i t r o p h e n o l  w a s  r e d u c e d  w i t h  i r o n ,  h y d r o c h l o r i c  
a c i d ,  a n d  a l c o h o l ,  a n d  t h e  f i l t e r e d  s o l u t i o n  e v a p o r a t e d  t o  d r y n e s s .  
D i a z o t i s a t i o n ,  f o l l o w e d  b y  a d d i t i o n  o f  c o p p e r  p o w d e r  a n d  h y d r o ­
c h l o r i c  a c i d ,  g a v e  2  : 3 - d i c h l o r o p h e n o l ,  m .  p .  5 6 — 5 7 °  : t h i s  d e ­
p r e s s e d  t h e  m .  p .  o f  2  : 5 - d i c h l o r o p h e n o l  ( m .  p .  5 7 ° ) .  2  : 3 - D i -  
c h l o r o p h e n o l  i s  e x t r a o r d i n a r i l y  v o l a t i l e ,  a n d  v a c u u m  d e s i c c a t i o n  
o v e r  s u l p h u r i c  a c i d  a n d  p h o s p h o r i c  o x i d e  w a s  a c c o m p a n i e d  b y  
c o n s i d e r a b l e  l o s s .  T h i s  p r o p e r t y  a n d  t h e  i n t e n s e  o d o u r  o f  t h e  
c o m p o u n d  a p p e a r  t o  d i f f e r e n t i a t e  t h i s  d i c h l o r o p h e n o l  f r o m  i t s  
i s o m e r i d e s  ( c o m p a r e  H o l l e m a n ,  Rec. trav. chim., 1 9 1 7 ,  3 7 ,  9 6 ) ,  
a n d  t h e  v o l a t i h t y  a c c o u n t s  f o r  t h e  p o o r  a n a l y t i c a l  f i g u r e  o b t a i n e d  
( F o u n d  i n  a i r - d r i e d  s p e c i m e n  : C l ,  4 1 7 .  C a l c .  : C l ,  4 3 * 6 % ) .
S o m e  o f  t h e  p r e l i m i n a r y  w o r k  o n  t h e  d i b r o m o d i n i t r o d i p h e n y l  
e t h e r  w a s  c a r r i e d  o u t  b y  M i s s  G .  I .  S h a r p ,  B . S c .
B e d f o r d  C o l l e g e ,
U n i v e r s i t y  o f  L o n d o n . [Received, January 30(A, 1 9 3 0 .]
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